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(57) Abstract 

An image processing network for processing image files and coupled to an outside data communication network compnsini: a piiii ;tilt\ i 

of remote image capture units (12, 20), the units scanning documents and creating a plurality of image files of said docuincnts: tlie im.mc i 

processing means (16) is coupled to said plurality of remote image capture units for processing the image files; accoun:inji moans (;'2i | 

coupled to the image processing means for immediately updating accounts associated with said image processing hieans; im-J \\x pluiulitv ; 

of remote capture unit.<i are coupled to the outside network, the outside data communication network i.s connected le .>L::si J; finii:irt;i • 

ia-Jtitutions. the image processing means transmits said image files to the outside fuiancial institutions via the daui coinnuiuiviiiiuii i:euvjiK j 
and receives image files from the outside financial institutions over the network. 
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IMAGE PROCESSING NETWORK 

Summary of the Invention 

It is an object of the invention to provide a paperless image processing network 
where images and other information is exchanged between various financial institutions 
rather than physical documents. 
5 It is still another object of the invention to provide an image proccssini; ivji a >; i: 

where images and other information as well as physical docunK'ni^; arj j.\cr.:.;;i:. .; : .-: . . . 
various financial insiiiiuions. 

It is another object of the inveniion lo pruviti-j uii i!r:ai:c procc>si::^ ::-:\'.'tiK 
the processing of document images is distributed amongst vanuus locations ratiicr tlian 
10 concentrated at a single central location. 

It is still another object of the invention to nrovuic an ima.LX' pnu-iiss::!;- :\v\\\\-:k 
which is capable of processing both images and physical docLimenis. 

It is yet another object of the invention to provide an unage processmi; nciwork 
which is capable of extracting the MICR, CAR, and LAR data from checks and inscnmt; 
1 5 this data into an image file or files. 

it is another object of the invention to provide an image processing network where 
images arc sorted between transit and on-us image files. 

It is still another object of the invention to provide a data file format that comprises 
two subparts, containing image data and the other part containing data extracted irum ilie 
20 document's image. 

Brief Description of the drawings 

FIG. la is a block diagram of the image processing network according to pnnciples 
of the present invention. 

FIG. lb is a block diagram of imits which comprise the image processing network 
25 according to principles of the present invention. 

FIG. Ic shows one topology of the interconnection of remote capture devices 
according to principles of the present invention; 

FIG. Id shows another topology of the interconnection of remote capture devices 
according to principles of the present invention; 



!!ll6STITIITEI«ET(illllE26) 
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FIG. Ic shows yet another topology of the interconncciion of remote cnpiuiv 
devices according to principles of the present invcniion; 

HG. If shows a block diagram of the remoie capmrc unii accoidir.i: ;,:u.::ic> vn 
the present invention; 

5 FIG. Ig shows a block diagram of the iiiKiye pi oc;:ssinj! system ac orciini: [o 

principles of the present invention; 

FIG. Ih shows a block diagram of an image processing system used in combination 
with a traditional document processing system according to principles of the present 
invention; 

10 FIG. 2a shows a block diagram of the components of a document and currency 

processing system with a single output bin according to principles of the present 
invention; 

FIG. 2b is a perspective view of one embodiment of the processing system with a 
video screen and keyboard according to principles of the present invention; 
1 5 FIG. 2c is a diagram of the document processing system with touch screen 

according to principles of the present invention; 

FIG. 2d is a block diagram of the document processing system wiih touch screen 
and keyboard according to principles of the present invention; 

FIG. 2e is a block diagram of the document processing system with dual output 
20 bins according to principles of the present invention; 

FIG. 2f is a block diagram of the document processing system with a plurality of 
output bins according to principles of the present invention; 

FIG. 2g is a block diagram of the document processing system without a 
discrimination unit and having a single output receptacle according (o principles oi' the 
25 present invention; 

FIG. 2h is a block diagram of the document processing system without a 
discrimination unit and having dual output receptacles according to principles of the 
present invention; 

FIG. 2i is a block diagram of the document processing system without a 
30 discrimination unit and having a plurality of output receptacles according to principles of 
the present invention; 
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FIG. 2j is a ciii-away view ofihe ciocuniciu [H'OLcssiii^ >ysicins sltowini: itirt'c 
output bins; 

FIG. 2k is a cut-away view of the document processing systems showing tour 
output bins; 

5 FIG. 21 is a cut-away view of the document processing systems showing six 

output bins; 

FIG 2m is a view of a document being scanned by the full image scanner in the 
wide dimension; 

FIG. 2n is a view of a document being scanned by the full image scanner in the 
10 narrow dimension; 

FIG. 2o is a view of a compact document processing system according to 
principles of the present invention; 

FIG. 2p is a block diagram of the document processing system with modules to 
insert smart cards, dispense smart cards, and inscn optical media according to principles 
1 5 of the present invention; 

FIG. 2q illustrates the document processing system according lo principles of the 
present invention; 

FIG. 2r is a block diagram of the document processing system with coin sorter 
according to principles of the present invention; 
20 FIG. 2s is a side view of an evaluation device depicting various transport rolls in 

side elevation according to one embodiment oi the present invention; 

FIG. 2t is a side view depicting a stripping wheel according to one embodiment oi 
the present invention; 

FIG. 2u shows a flowchart describing the operation of ih:^ iUKv.iv.crA [\\-. r :s;nL' 
25 system according to principles of the present invention. 

FIG. 2v shows a flowchart of how a customer would use the proposed document 
processing system according to principles of the present invention: 

FIG. 3 is a block diagram of the full image scanner aceordini^ w :»i ii!. .^i ihe 
present invention; 

30 FIG. 4a is a block diagram of the discrimination unit accorciini: u) anin. ipi'js d 

the present invention; 
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FIGs. 4b-4d illustrate the scanning process of the discrimination unit according to 
principles of the present invention; 

FIGs. 4e and 4r illustrate the operation of the scanning process in the 
discrimination unit according to principles of the prcseni invention: 
5 FIG. 5a and 5b are graphs illuslr:iting the ctirreiaiion of scanned and luasici 

patterns according to principles of the present invention; 

FIG. 6 illustrates a multiple scanhead according to principles of the present 
invention; 

FIG. 7 illustrates another embodiment of the multiple scanheads aL'rtM :!:r.i: it^ 
1 0 principles of the present invention; 

FIG. 8 depicts another embodiment of the scanning system according to 
principles of the present invention; 

FIG. 9 depicts another embodiment of the scanning system according lo 
principles of the present invention; 
15 FIG. 10 is a top view of a staggered scanhead arrangement according lo principles 

of the present invention; \ 

FIGs. 11a and 1 lb are flowcharts illustraiing the opcraiion o\ \\\c .i;.,.; 
unit according to principles of the present invention; 

FIG. 12 shows a block diagram of a counicricii JcicciDr acLuRiiiii! im uu :pics oi 
20 the present invention; 

FIG. 13 is a flow diagram or the disciimir.aiion unii according lo nrincii),L> ihc 
present invention; 

FIG. 14 is a graphical representation of the magnetic data points i:cncraic.i py two 
types of currency according to principles of the prcseni invention; 
25 FIG. 15 shows a functional block diagram illustrating one embounucm u! mc 

currency discrimination unit according to principles of the present invention; 

FIGs. 16a and 16b show a flowchart illustrating the steps in iniplemeniiriL' the 
discrimination unit according to principles of the present invention; 

FIG. 17 illustrate a routine for detecting the overlapping of bills according to 
30 principles of the present invention; 

FIGs. 18a-18c show one embodiment of the document authenticating sysictii in 
the discrimination unit according to principles of ihe prtseni iiivt:niK)n; 
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FIG. 19 shows a functional block diagram iilustrannti one cmboLiir.icr.: o! :no 
document authenticating system according to priruiipics o\ [he [)rcstini invLMiiinii; 

FIG. 20 shows a modified version of the document authenticating system 
according to principles of the present invention; 
5 FIG. 2 1 shows the magnetic characteristics of bills; 

FIG. 22 shows other magnetic characteristics of bills; 

FIGs, 23 and 24 illustrate bills being transported across sensors accordini: uj 
principles of the present invention; 

FIG. 25 is a flowchart illustrating the steps periormeci in onticaliy dtMcr:ii:;[i:ii! 
10 denomination of a bill according to principles of the present invention; 

FIG. 26 is a flowchart illustrating the steps performed in opiicaJly deiermining ihc 
denomination of a bill based on the presence of a security thread accortiiiiL: - : v i i. ipk*^ 
of the present invention; 

FIG. 27 is aflowchaia illustrating the steps periormed in optically ^ieici jiiiMuig iIk* 
15 denomination of a bill based on the color of the sccuriiy thread accoruir.i: n> [^.i nv. i;>ics oi 
the present invention; 

FIG. 28 is a flowchart illustrating the steps performed in opiicaily di'ic; mining ;iK' 
denomination of a hill based on the color of the security thread according to principles of 
the present invention; 
20 FIG. 29 is a flowchart illustrating the steps performed in magnetically 

determining the denomination of a bill according to principles of the present invention; 

FIG. 30 is a flowchart illustrating the steps performed in optically determining the 
denomination of a bill according to principles of the present invention; 

FIG. 31 is a flowchart illustrating the steps performed in optically determining the 
25 denomination of a bill based on thread location according to principles of the present 
invention; 

FIG. 32 is a flowchart illustrating the steps performed in optically determining the 
denomination of a bill and magnetically authenticating the bill according to principles of 
the present invention; 
30 FIG. 33 is a flowchart illustrating the steps performed in magnetically 

determining the denomination of a bill and optically authcnticaung the bill according to 
principles of the present invention; 
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FIG. 34 is a flowchart illustrating the steps in deiiominaiing the bi!i auco;\:ini: lo 
principles of the present invention; 

FIG. 35 is a flowchart illustrating the steps pcirormcd in dcnop.ii:::'.::::.; '•:!' 
both optically and magnclically according to prir.:iplL*s /^i :hc pr^scr: 
5 FIG. 36 is a rii)wch:irl illLisuiiiinv^ ihc ^^L*:•^ ir. .!r;!Uii!in;ii ^h^' . 

and based on thread location according to principles oi liie prcscni iii\'l-:imo::: 

FIG. 37 is a tlowchan illuslrating the steps performed in denominaiiiiL* a hill 
optically, based on thread location and magnetically according lo principles o\ the 
present invention; 

10 FIG. 38 is a flowchart illustrating the steps performed in denominatniLi a bill 

based on a first characteristic and authenticating it based on a second characicnsiiv: 
according to principles of the present mvention; 

FIG. 39 is a flowchart iUustrating the steps performed in a method where a bill is 
authenticated based on a first characteristic and denominated based on a second 
15 characteristic according lo principles of the present invention; 

FlGs. 40-44 illustrate alternative methods for determining characteristic 
information according to principles of the present invention; 

FIGs. 45 and 46 illustrate methods where a bill is Tirst denominatctl hclort! ii can 
be authenticated according lo principles of the present invention: 
20 FIG. 47 illustrate a method where a bill has lo he first accepted l)eU)re ii can be 

denominated according to principles of the present invention; 

FIG. 48a illustrates the selection elements according to principles of the present 
invention; 

FIG. 48b illustrates the selection eJemenis according to principles of ihc prcscni 
25 invention; 

FIG. 48c illustrates the selection elements according to principles of the present 
invention; 

FIGs. 49a, 49b, 50a, 50b, 51a, 51b, and 52-53 illustrate alternate means for 
entering the value of no-call documents according to principles of the present invention; 
30 FIG. 54 illustrates one embodiment of the control panel according to principles of 

the present invention; 

FIG. 55 shows the touch screen according lo principles oi the [irot :!: lun. 
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FIG. 56a is a ilowchan of the bill soning algorithm unit nccorciin^; lo jir^TU'ipi-js a\ 
the present invention; 

FIGs. 56b, 56c, and 56d are flowcharts of the funds distribution algorithm 
according to principles of the present invention; 
5 FIG. 56e is a flowchart of an alternate funds distribution algorithm according to 

principles of the present invention; 

FIG. 56f is a flowchart of the coin sorting algorithm according to principles of the 
present invention; 

FIG. 57a illustrates means for entering the value of a no-call document according 
10 to principles of the present invention; 

FIG. 57b illustrates means for entering the value of a no-call document on a touch 
screen according to principles of the present invention; 

FIG. 58 is perspective view of a disc-type coin sf)rter embodying the 
present invention, with a top portion thereof broken away to show internal 
15 structure; 

FIG, 59 is an enlarged horizontal section taken generally along line 59-59 in FIG. 

58; 

FIG. 60 is an enlarged section taken generally along line 60-60 in FIG. 59, 
showing the coins in full elevation; 

20 FIG. 61 is an enlarged section taken generally along line 61-61 in FIG. 5V. 

showing in full elevation a nickel registered with an ejection recess; 

FIG. 62 is a diagrammatic cross-secdon of a coin and an improved coin 
discrimination sensor embodying the invention; 

FIG. 63 is a schematic circuit diagram of the coin discriminaiion sensor oi 
25 FIG. 62; 

FIG. 64 is a diagrammatic perspective view oi tiic coils m liic lv)i;i 
discrimination sensor of FIG. 62: 

FIG. 65a is a circuit diagram of a detector circuii lor use wiiii ilu- 
discrimination sensor of this invention; 
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FIG. 65b is a waveform diagram of the input signals supplied to the circuit 
of FIG. 65a; 

FIG. 66 is a perspective view of an outboard shunting device embodying 
the present invention; 

5 FIG. 67 is a section taken generally along line 67-67 in FIG. 66; 

FIG. 68 is a section taken generally along line 68-68 in FIG. 66, .showing a 
movable partition in a nondiverting position; anci 

FIG. 69 is the same section illustrated in FIG. 68, sliowini^ ihc movatik- [loiiuni in 
a diverting position. 

10 Detaii kd Description of thf Prkfrrrkd Rmhodimfnt.s 

Referring now to FIG. la, documents are scanned at a remote image capture unit 
12. The remote image capture unit 12, as will be explained in greater detail below, 
preferably is a low-cost scanning unit that obtains an image of both sides of the 
document. However, the remote image capture unit 12 may be a varieiy of maciiincs 

15 including a large multi-pocket scanner, a small table-top scanner, a single ciuciuncni 
liand-fed scanner, and a hand-held scanner. 

By ''currency", "documents", or "bills/' i' is mcnni lo include uoi iiin\ 
conventional U.vS. or foreign hills, such as SI bills, but also lo include cncck-s, vijpusi: 
slips, coupon and loan payment documents, food stamps, cash tickets, savings 

20 withdrawal tickets, check deposit slips, savings deposit slips, and all other docunienis 
utilized as a proof of deposit at financial institutions, li is also mcani by ihc ^. nr. 
"documents" to include loan applications, credn card appliLaituiis, suiiic:.! iwa;; 
applications, accounting invoices, debit forms, account transfer iornis. .iiui ai. .jidci i\ - 
of forms with predetermined fields. By "financial insiiiuiion docunienis; v. is :nfani lo 

25 include all of the above documents with the exception of currency. 

By '^accounting system," it is meant to include the hardware and software 
associated with accessing, maintaining, tracking, and updating savings accounts, 
checking accounts, credit caid accounts, business and commercial loans, consumer 
payments, and all other similar accounts at locations remotely located from the full iniagc 
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scanners. The lerm includes three broad types or.sysicnis: systems wiicrc ticposns are 
made; sysienas where withdrawals are made; and sysieins where both dcpcisiis and 
withdrawals are made. Although the accounting system described herein is described as 
being employed at a financial institution such as a bank, it will be iindersi(U)ti inai am 
5 business, public or private institution, or individual can employ an ouisrac . 

system to process transactions. By "financial institution," it is mcani lo incia::.- sa . iivjs 
and loans, investment houses, and all other types of financial institutions whether pi ivaic, 
public, or government. The following description is in terms of banks but it also includes 
all financial institutions as well. 

] 0 The image processing network described herein processes several types of 

physical and electronic data units. First, it processes physical documents, for exainpje, 
checks, coupons, and deposit slips, which a user deposits into the system 

Second, the network processes image files. The image file c.oni|M:^*:'< ii::v- 
portions. A first portion contains binary encodcu data rcpicscnuiip ihc ay.aiij- •: [)..,{■. 

15 sides of the document. Alternatively, this first portion iiiay coniaut oni\ a psu - t. :t ur 
fioriions ul the document. The second ponioii i;: :he :n:aL:c l iic coaiaar- aai.i \ :: a.e!C:! 
from the images of the document, h is an imporiani feature of the invention thai all 
information in the second portion is obtained from the images. For example. M ICR data 
is obtained from the image of the document rather than alternate cxiraciion K\-nnuaK's 

20 stich as magnetic reading. In the case of a check, the second portion mciudes ihc MICK 
data, such as the amount of the check and the bank drawn, A third portion contains a 
unique identification code or tag associated with the document. For example, if the 
document is currency, the unique identifier may be a serial number, seal, plate number, or 
customer number. 

25 For those documents where data fields are unreadable, the image can be 

transmitted to a central location where an operator would view the image and key in the 
amount. Also, the operator keys in any non-readahle MICR or CAR/LAR data. In the 
context of a bank imaging network, the bank would choose between simply sending 
forward the captured image for final settlement or waiting for the physical ducurneni to 

30 arrive from the remote location. If the physical document arrives at the central location, 
there would be a benefit from the imaging. The amount field will already have been 
entered. Therefore, when the checks are transported through the centralized check 
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processing system* the on-us checks immediately have the amount field MICK l-ikoucU 
This represents a savings in time and labor over current systems which require owe pass 
for MICR encoding and one for sorting checks into various output bins. 

Alternatively, the customer may be prompted to enter unreadable data. Tor 
5 example, if a check for $158 is processed hut the system can {)niy iticiiiiiy ifu- hk! iDr 
**5", the customer is asked to enter the last digit. Allowing a customer to cnicr inissini: 
data may be allowable for only selected customers of the financial insiiuiium. 
Alternatively, all customers may be allowed this option and the image itiv [^.i 
later verification of the amount. 

10 Similarly, being able to MICR encode on the first pass on transit cinjcks nttluces 

the number of passes through the scanner. Therefore, the produciiviiy and en':cic::cy of 
the prool-of-deposit processing are increased regardless of wliicli niethuiiN arc li .v d u.e.. 
actual handling of physical documents or only image processing). 

The image file data portion also includes the identities of banks where the image 

15 file has been processed. Both the data portion and the image portion have tags uniquely 
identifying the document, and pointers to where the other portion is located. The iwo 
portions are not necessarily physically contiguous. A security code is attached in both 
portions so that the item can transit between banks or depositors and the bank. 

Third, the network manipulates the data portion of the image file. As will be 

20 explained in greater detail below, the entire image file need not be sent to all 

destinations in the network. Finally, the network uses inquiries as to the images. The 
inquiry is data representing the document number and will be correctly routed through 
the network until the document is found or permission to access the document is denied. 
Inquires are used by bank personnel or customers to view the image file of the document. 

25 As mentioned above, the remote image capture unit 12 may be configured ns any 

number of units having different sizes, processing speeds, and other features. Referring 
now to FIG. lb, the remote image capture unit 12 may be replaced by a remote image 
capture network 7 which comprises a plurality of remote image capture units. 

The remote image capture network 7 includes a large multi-pocket scanner 8a, 

30 Using full image sensors, the large multi-pocket scanner 8a captures images of one or 
both sides of documents, converts the images to digital signals, and sends these signals to 



wo 98/47100 



be processed either at other units (described below) wiihin the remoie umjxc ca|)Uire 
network 7 or at an image processing system 16. 

The remote image capture network 7 further includes a small labic-iop scanner 
8b. In contrast to the large muhi-pocket scanner Sa, the small lable-iop scaiinnii: tie vice 
5 8b is compact and can be conveniently located in the corner of a room or on i\ laoic lop. 

Also, the remote image capture network 7 includes a single tiocuineni naiui-icd 
scanner 8c. The single document scanner 8c is preferably a compact device where the 
user feeds through documents one-at-a-time. The single document scanner 8c has the 
advantage of being less expensive to purchase than other scanning devices. 

10 The remote image capture network 7 also includes an electronic document 

creation device 8d. The electronic document creation device 8d comprises hardware and 
software which automatically creates an image of a document, for example, a check. The 
document creation device also preferably contains a specialized printer thai is c:i(iabie ot 
printing documents which utilize special paper or ink, for example, checks. 

15 Additionally, the remote image creation network 7 also includes a hand- held 

scanner 8e. The hand-held scanner 8e comprises a wand which a user scans a document 
by moving a hand-held wand across the document. The wand is electrically coupled to a 
personal computer which has the necessary software to obtain and process the scanned 
image. 

20 The above devices 8a-8e can be located as stand-alone units or as one LOinponcni 

in all types of tellers systems such as a teller system 8h at a window, in a vaiiii .sysieni 8>:, 
an automaUc teller machine (ATM) 8i, a home banking system 8j, a depositor cash 
management system 8k or a night teller (not shown), or a lock box 81. Additionally, they 
may be connected as a local area network (LAN), metropolitan area network (MAN), or 

25 wide area network (WAN). 

The above devices are included as part of the vault system 8g. The vault system 
8g includes hardware and software which processes the amount and type : \*. 
documents, or coin entering or leaving a vault. The vault system incliic-s ans :!k* 
devices described above such as the large pockci scanner module, a lablo-u.p M iinnin-: 

30 device, a single document scanner, an electronic clocuincni crcaiion clc\ ic a ::anti- 
held scanner. 
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The above devices are also included as part of the teller system Sh. 'Jlic idler 
system 8h processes documents, coin, and currency at the teller window and maintains a 
record of all types of documents, currency and coin transactions at the teller window. 
The teller system may include any of the modules described above such as a table-top 
5 scanning device, a single document scanner, an electronic image document creation 
device, or a hand-held scanner. The teller system also has a video monitor to view 
images of documents or currency obtained anywhere in the image processing network or 
at the teller window. 

The above image processing devices may be included in an autornaieci iciier 

10 machine (ATM) 8i. The ATM 8i processes all (ypes ol deposits invulvini; all lypes of 
documents, currency, and types of coin in real-time from remote accounting sysienis and 
obtains full images of each document and all currency processed. The A I M ^Si cnu also 
accept and transfer funds to all types of magnetic media such as smart cards. The ATM 
8i also has a video monitor to view images of documents or currency obtained anywhere 

15 in the image processing network. 

The above devices are also connected as part of a home banking system 8 j. The 
home banking system 8j comprises hardware and software that allows a customer to 
check account balances, obtain images of deposited documents, and creaic images of 
documents. The home banking .system S j may include any of the other modules 

20 described above such as a single document scanner, an electronic documcni crcaiiun 

device, or a hand-held scanner The home banking system 8i also has a video monitor lo 
view images of documents or currency obtained anywhere in the image processing 
network. 

The devices mentioned above are further connected as pan o! a ucpi>Mt .>r . .ksii 
25 management system 8k. The depositor cash manaizemeni sysicrn 8k ina> au uuic ::''\ ii'cs 
in one location or at several locations. The dcposiior casii manaizemcnt -n s'c::^ .si. 
includes hardware and software to obtain images oi tiocumcnis, proLcss 
obtain transaction information, and perform any other functions associated wtin an 
accounting system. The depositor cash management system 8k may include any of the 
30 other modules described above such as the large multi-pocket scanner module, a lahlc- 
top scanning device, a single document scanner, an electronic document creation device, 
or a hand-held scanner. The depositor cash management system 8k also has a video 
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monitor or monitors to view images of documenis or currency obuiined Luiyv/tic;v :n ihc 
image processing network. 

Refeiring again to FIG. la, one function provided at the remote capture unit is 
proof-of-deposit processing. Proof-of-deposii proccssinL' ensures thai for a Oliver 
5 transaction, debits equal credits. As described l)elo\v, POD proccssiui:. c;a1<.'L a i< 
processing, or any other type of processing can occur ai the remote unit ai :\ . , 
location. Thus, images can be transported from any point in irie nciwoiK i iiicnuiniL' ;i 
central location) and processed at any other location in the network. 

Shortly after the images are captured by the remote capture unit, they arc 

10 transmitted to the proof of deposit area within that unit. It is important to the present 
invention that the transaction be proved shortly after it occurs if the remote capture unit 
is at the teller window, automatic teller machine or depositor site. Tellers or a 
customer's clerical staff have access to all the images for the transactions hanuica liiai 
day and correct any errors occurring that same day. The remote capture una ;iai::i:.)fiaiiv 

15 contains hardware and software to detect and process counterfeit docunicms. 

remote capture unit assembles a running loiai oi noii-cDuiucrieu dl)cuIlle:il^ fw; . ivci: 
transaction, allowing a customer to know when a counterfeit has been detected. 
Counterfeits are held and deducted from totals so customers know about thai 
immediately. 

20 Alternatively, remote scanners can be placed ai various locations, lor jx.iuipif 

teller windows. Checks and other document images will be captured by these j cmoic 
image scanners. However, the images arc forwarded to a central location wIilmc prooj - 
of-deposii processing occurs. Additionally, the financial institution could choose to 
process the image immediately at the central location or the financial institution could 

25 store the images for a period of time in some kind of electronic reservoir for proof of 
depositing at a later time. Processing the images at a central location has the advantage 
of not slowing down service at the remote location. For example, central processing 
reduces lines and excessive waiting for bank customers. 

Documents that cannot be read by the remote capture unit (*'no-reads'') will be 

30 returned to the depositor. The depositor keys in the amount of the rejected currency antl 
put it in an envelope with his account number and other requested information to be 
reconciled later. Alternatively, the remote image capture device can accept the document 
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and display the image for a bank employee to key in ihc amount, 'i his cir.iui r, i.-.u- 
the deposit is being entered into the automatic teller machine or hiier. The dcpo ii Jtw^ 
not have to be proved while the depositor is at the automatic teller machine ur itii- idle: 
window. Since all of the items entered are stored as images, an accourn can oc ii.iuisicci 
5 later. Alternatively, as described previously, the customer may be proinpted to enter the 
missing data. In this case the image file may be tagged for later verification. 

Documents whose images are captured at remote capture units loc uu ii ;:i 
retail and commercial depositor's place of business wil! he processcu a.^ 
window. All items arc sent to the bank, until ai! hank.s :;ic able ui :vc: :\ . 

10 would be proces.sed on check processing niachii;.^ \o ^ji-naiL: ihc ^m.-i-.- . : 

transit items and to power encode liic transit iiciiis. 

It should be realized that the above iinaiii ng net\v(»rk cjn he uscti lor .n pan o\ 
a bank or financial institution's document processing needs. For example, some banks 
may choose to process only checks. Additionally, a bank might u.se this for du-us checks 

15 or for on-us checks of under $100. These checks would be scanned at the branct^ 
location or the ATM location. These low value checks would then be immetliately 
destroyed because the bank could utilize the captured image. However, all on-us checks 
in excess of $100 and all transit checks would be handled under the current system. The 
bank will hold certain checks over a certain value for a longer period of time before 

20 destroying or returning the check. Thus, the present invention can be used in 
combination with current physical document processing. 

Referring now to FIG. Ih, checks are fed through a remote capture unit 9a. The 
unit 9a operates as described above and has two output bins. The unit 9:i scans tnc check 
and determines the amount. Based on the amount of the check, checks greater than $ 1 00 

25 are placed in a first bin 9d. All checks are placed in a .second bin 9e where they urc later 
discarded. The images of checks having values ureaier than $100 arc sent to an image 
processing system 9b which operates as described below. Otherwise, tlie checks trom the 
first bin are physically transported to a traditional processing system 9c where they are 
processed using a bank document processing system. All other documents entering the 

30 system are also processed by the traditional processing system 9c. 

The devices on the remote image processing network are preferably connected to 
fonn a LAN. The physical layout or topology of the LAN can vary. For example, as 
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illustrated in FIG. Ic, a scries ol" remote units 1 hi. lib, lie, and 1 id ;ue ct)tu.ccie.l :o 
common bus 1 le. Bus lie connects the common bus to an interface 1 1 f which accesses 
other networks. The "remote units" may include any combination of hu-gc mnlii-pockct 
scanners, small table lop scanners, single document scanners, eleciroaic di)Ci.iiiL:ii 
5 creation devices, hand-held scanners, vault systems, teller systems. ATMs, iionie t-)anking 
systems, or retail cash management systems. The bus-based network is inexpensive, 
reliable, and requires the least amount of cable for any LAN topology. 

A LAN using a ring topology is illustrated m FIG. id. Remote units i ia. i lb, 
1 Ic, and 1 Id retransmit information to adjacent units using point-to-point links. The 

10 units communicate with other networks through an interface 1 If. Although more 

expensive than the bus topology, the ring topology lends itself to being able to transmit 
over greater distances. 

A LAN using a star topology is illustrated in FIG. le where a central remote unit 
lib is connected to all other remote units 11a, 11c, lid, and 1 Ig. The central remote 

15 unit 1 lb communicates to other networks through an interface 1 1 f. An advaniage lo the 
star topology is enhanced network management. Because all traffic passes the central 
unit 58, traffic monitoring is simple and detailed network reports are easy to procluce. 
Enhanced security is inherently a part of this type of topology since the central unit can 
keep tables of user access rights as well as acceptable passwords. Also, i hc neiwork can 

20 easily control who logs onto any remote device present on the network. 

It will be understood by those skilled in the an thai any cornbinanon ol the iihove 
topologies can be used to construct the network. Thus, any of the units may be. 
themselves, networks of any topology. 

The system described above can be configured to provide a combination of 

25 distributed and centralized image processing. That is, remote image capture units may 
supply images to an image processing system at a remote location (e.g., a bank branch) 
where image processing is accomplished. Additionally, central processing locaiions may 
exist where the physical checks and/or images arc processed as is known to those skilled 
in the art. As a specific example, a bank might have remote units locate-;! :it v:i: if ks iuink 

30 branches. At the same time, certain customers may coaiiiuic to scjui thoii jiid: ,::m^c> 
lo a central location for processing. Additionally. Lcruiin customers iu;iy cium».m- m ^cmi 
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checks having a value over a predetermined amount, such as $100. to cenual itKaiioii Tor 
processing. 

Referring again to FIG. la, the remote image capture unit 12 accepts physical 
documents from a bank system 10 which does process the images of documents. The 
5 documents are moved to the remote image capture unit 12 where they are processed. 

The remote image capture unit 12 provides either "raw" image data or an image 
file to the image processing system 16. Raw image data is unformatted data thai Is seni 
as a series a binary digits. Raw image data is transniiued from remote image capuirc 
units which lack the capability to process the raw data into an image file. The raw tiaia is 
10 sent to the image processing system 16 where processing is accomplished, as described 
below. 

The image processing system 16 also accepts image files from a icmoie linage 
creation device 20. The remote image creation device 20 creates images of documents. 
For example, the remote image creation device 20 can create the image ot a clieck. The 
15 remote image creation units use software to create the image and prompt \hc :oi 
information to complete the image such as the tratisaciiou amouiit and the payee 

The image processing system 16 also accepts inclearing items. The incicaring 
image processing area accepts images in the format of the file described above. The 
inclearing images comprise image files associated with "on-us" documents or. in 
20 addition, physical documents. It is an important aspect of the present invention that the 
image processing system 16 can process both image files and physical documents. 
Additionally, if needed because other financial institutions can not process ifnai:c i lles. 
transit documents are sent out of the image processing system 16 lo uti.;:! i.ii.;;,..... 
institutions. 

25 The remote image capture unit 12. atier processini! ihc docurtients senaraie- 

documents sending some documents to physical sioraizc 14. For c\ampi-,\ .'. .jc a 
bank, the remote image capture unit 12 will separate liocumeiiLs drawn v)n liie iiuaiiciai 
institution {**on-us" documents) from documents drawn on other financial in.siimiions 
("transit" documents). In an alternate embodiment the documents are noi sepaniieci hut 

30 destroyed. 

The image processing system 16, therefore, accepts both raw imaiic uaia :iiKi 
image files. As will be explained in greater detail below, the image processing system 



wo 98/47100 



PCT/US98/07443 



17 

16 sorts document image files into transit and image files, performs proof-of-dcpositing 
functions, forms cash letters for transmission, and routes the out-going transit imaiie 
files. Additionally, it may power-encode physical documents (if needed ) ;inci :ici< as a 
conduit for inquiries throughout the system. 
5 The image processing system sends image files to an image siorai:c d jMv e i tS 

where they are stored. The image storage device 18 may be an opticai siorai:*.' c^-via: or a 
magnetic storage device, as is known in the an. 

The storage device allows the system's owner (i.e., a bank) to in;iKc n i;::. : jcord 
of deposits. In other words, when the customer deposits the document, a full image 

10 picture of the front and back side of the document is deposited. This is advuntaueous at 
the teller window, and, in particular, when the remote capture device is an ATM which 
accepts bulk deposits. Therefore, if a dispute arises at a later date relative as to wiuit was 
deposited into the ATM, there will be a full image record of the complete deposit. The 
cu.siomer can then review each document deposited. Therefore, the bank and customer 

15 can easily re-reconcile the deposit based upon the image record. 

The image processing system 16 sends the data portion of the image file lo an 
accounting system 22. As described above, the accounting system 22 includes the 
hardware and .software associated with accessing', maintainint!, irackiiii:. 
savings accounts, checking accounts, credit card iiccouiiis, :>usincs.s a!:;i . 

20 Joans, consumer payments, and all cither .similar a^jcuanrs at k)catu)ii.s rciiUj'.L i;. .> .^:iicvi 
from the image processing system 16. 

A personal computer (PC) 24 i.s coupled u> ihc accounting -y.su;::: -j li-, 
image storage 18, The personal computer 24 coniains soiiwarc allow iui: u|.c.:.;v;: ;o 
make inquiries about a particular document. The inquiry comprises data representing the 

25 document identification number and the location within the network where the document 
is stored. The inquiry can also be routed through the accounting system 22 and the 
image processing system 16 and then through a security unit 26 onto a dedicated line 37a. 
an internet line 37b, a private banknet line 37c, a federal reserve network line 37d or a 
clearing house network line 37e. From these lines, the inquiry is routed over the 

30 particular network to the destination, as is known in the ait. When received at the 

destinadon, the request is routed to particular hardware or software where the inquiry is 
serviced, that is, the destination responds to the request by answering that the entry was 
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not i'ound, that the user does noi have access righis \^^ ihc mforniantu^ w: wr.i-. 
file (with a marking indicating that it was from ar. inquiry i. Then, li ihc j: > . ^ 
successful, the image data file is roLited back (wiin the nuiuiry inark t. ii inionL'n 
security 26 and returns to the image processing system 16. Since ii is nuirKc.:. ..^ luuicJ 
5 to the outside accounting system 22 and to the personal computer 24. At the personal 
computer 24, the contents of the image file are displayed. 

The image processing system 16 transmits and receives inquiries, ihc cl:n;i nonior. 
of the image file, and image files through the security unit 26. From ihe sclumiv ;ifi:i ^o. 
the inquiries, data and image files can traverse the dedicated line 28, iniernci luvj M), 
10 priv;ue banknet line 32, federal reserve network line 34 and cicarine nouNc lu -w, .rs; 
36, All of these Imes are connected through security uir.is 3S, a::-.: i-. 
branches 40, the federal reserve system 44, and other financial msiiiution processing 48. 

Referring now to FIG. If, a document 50 is scanned by an image extraction unit 
62. Preferably two heads are used to obtain full video images of both sides oi' the 
15 documents. However, the unit can have any number of heads and scan only one side of 
the document. Additionally, the document can be scanned in cither the wide or the 
narrow direction. The image extraction unit 62 extracts portions of the image of the 
document for future processing. For example, in the case of a check, the image 
extraction unit 62 extracts MICR data, courtesy amount (CAR) data, and legal amount 
20 field (LAR) data. The image extraction unit 62 may also be configured to extract other 
data in the case of currency or other types of documents. The image extraction unit 62 
sends a **suspend*' signal to deactivate itself in the case of overflow of documents. The 
suspend signal starts a timer which, upon times-out, allows the image extraction unit 62 
to resume operations. However, if the overflow condition still exists, then another 
25 suspend signal will deactivate the image extraction unit 62. 

When the image extraction unit 62 fails to identify the required data, then a *'fail" 
signal is sent to a manual key unit 68. An operator at the manual key unit 68 is alerted 
and then views the image of the document on a video terminal (not .shown) and enters the 
missing data at the manual key unit 68. 
30 The image extraction unit 62 sends the MICR data, CAR data, and LAR daia lo a 

balance unit 64. The purpose of the balancing unit 64 is to ensure that the amount 
recorded as the total of a transaction matches the individual amounts recorded. Fur 
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example, a deposit may comprise ten checks. The purpose of the balance unii 64 is to 
ensure that the amounts recorded on a deposit slip as the total matches itit: loiai (icfnisiiecl 
as recorded by the extraction unit 62. The balance unit 64 also creates u^Kt^iJ.s . i 
slips which are used to indicate the number of bills processed in a in»ns.K :i.):: i . .. ; 
5 in and cash-out slips are created automatically as imaccs and indicate ii:e r.iiriiiv.-: :m 
dollar bills handled both in and out which arc priPitcd on these receipts. Tiie nan;: stores 
images of ail documents and curreney processcti mi cveiy iransaciion. Tiiu.s, f Jiuccssirii: 
errors are easily detectable. Also, the stored images facilitate convincing the depositor 
that the iransacdon, as corrected by the bank, is correct. 
1 0 Tlie MICR, CAR» and LAR data is sent to the form image fde unit 66 where an 

image file is formed. A mentioned above, the image file comprises an image portion and 
a data portion. The two portions are tied together by pointers which indicate the location 
and identity of the other portion. The image file is then sent to the image processing 
system. 

15 In some networks, it will be necessary to sort *'on-us" items and transit items, 

then send out (physically) the transit items. A sorter 60 sorts on-us and transit items. 
The on-us documents are placed in an on-us document bin 54 while the transit 
documents are placed in a transit bin 56. Alternately, any number of bins may he used. 
For example, the on-us items may be sorted into on-us bins for checks, eurreney, eoupons 

20 or other types of documents. The user takes the physical documents from the bin 54 and 
places them in physical storage area 52. The storage area may be near the sorting unit or 
may be housed in a separate facility. The transii tiocuntcTUs arc transported via a 
u-ansport mechanism to a power-encoder 58 where the MICR. CAR, and LAR data are 
power-encoded onto the document, as is known in the art. The power -encodeti 

25 document is then transported to the financial institution required. It should be noted that 
in an alternate embodiment, the system of FIG. If would be paperless. In this case, the 
document transport mechanism 51 simply discards the documents; units 56 and 58 are 
omitted. In yet another embodiment the system would process some paper documents 
and unit 56 would be omitted. 

30 Turning now to FIG. Ig, the image processing system comprises an imai!e lile 

creation system 70 which accepts raw image data. The image data is processed as 
described with respect to the remote image capture unit above. This imaiie Tile ereation 
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system 70 is located at the image processing system when the remote image capture unit 
16 lacks the capability for processing a document image. 

An on-us and transit file sorter system 76 sorts on-us and transit image files and 
physical documents. Both the on-us and transit image files are sent to a temporary 
5 storage unit 72 which stores the image files for a short period of lime, for example, until 
the end of the day. At the end of that time period, the temporary storage transmits these 
files to a permanent storage 18. The transit image files are sent to a cash letter formation 
unit 84. The physical transit items are encoded by a power encode unit 78. The on-us 
physical items are iniagcd by the system 76 and their image files processed as described 

10 above. The sorter system 76 sends both inclearing items and image files to a proof-of- 
deposit processing system 82. Alternatively, MICR encode units may be located .a 
remote units throughout the system. 

The proof-of-deposit processing unit 82 determines whether documents and 
images accepted are the same as the declared deposited amount. In other words. liic imit 

15 determines that the documents declared as input are going out as a ouipui. The [jruoi'-or- 
deposit processing unit 82 accepts both physical items (inclearing items iuchmiiiL' innw 
on-us and transit items) and image items. The image items include image tlics irom 
other banks, image files from remote capture units, and image files fnni! tiie .'ii- 
creation system 70. Of course, in an image-only system the functionality ot processing 

20 physical documents would not be present. 

The data portion of the transit image files is sent to a power-encode unit 78 
where, if needed, the information is placed on the physical document sent tiu! as w an.si; 
item from a cash letter formation unit 84. The power encode unit 78 can be oiniiicJ in a 
paperless network. 

25 The transit image file and any transit doc'inieins are also sent live . ;: i . ::•*: 

formation unit 84 where the individual image tiie> aiui tiucunienis na\ uil: u*..- n;*;... 
destination are bundled together into a single packet ul data or physical [xicket.s. 
Outgoing transit file router 86 then transmits the data to its correct destination. The 
router 86 adds data, as is known in the art, ensuring thai the packet will rc.aeh ::s 

30 destination. In the case of physical docurnenis. mc documents are .seui ui iiie v .m ; ; 5 
financial institution. Of course, in an entirely image-based network, ihe nai.ciiiiji: ap.c! 
processing of physical documents would be orninecl. 
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A inquiry processor 80 accepts inquires. The inquiry processor determines 
whether the inntage file requested is in temporary storage 72. When found, the inquiiy 
processor 80 determines whether access permission has been granted. 11" permission has 
been granted, the image file is sent over the correct lines lo the ouipui. 'I iic iiuaiii y 
5 processor also receives inquiries from the accounting system and routes mcni ov^i liic 
inquiry line to the appropriate outside destination 

Kcferring again to FIG. la. image files, ihc data portion oi image iiic. ;;ua 
inquiries are transmiued to branches of the same bank 40, the federal reserve system 44, 
or to outside financial institutions 48. The data portion of the image file follows the 

10 traditional settlement path. That is, the data portion of the image file may firs! go lo the 
federal reserve if two banks do not have a direct accomii. There, the nicni- . / 
transferred by an accounting system as described above. Alternately, banks ma\' iiavc 
special accounts between each other. This usually occurs when the banks, iiavc ;i largc 
volume of transactions. Then, the image data files are sent to the banks directly 

15 Thus, financial institutions and the federal reserve system transfer image tiles, 

the data portion of image files, and inquiries over dedicated hnes 37a, which are 
connected directly between financial institutions. The above information can also be 
transmitted over the internet 37b as is known in the ai1. Also, the above ciai- ::\r. no 
transmitted over a private bank-net which provides connections bciwee:: \i:c ^ 

20 branches of a bank. Also, liie above information can be iransmitteci t)vci :e.iL:;i: 

reserve network line 37d to banks in the federal reserve system. Hinaliy, ihe a!»t)ve uaia 
can be Iransmiited over a cle;iring iiou.sc netwurK iirie jV'e to a iinaneial .*:ca::!:g :.v'U.se. 

As an alternative, or in addition to the communication links described above, the 
image data may be stored on CD ROM (or any otiier time of magnetic or optical media) 

25 and physically transported to any point in the system. In this way, data can also be 
viewed at points not coupled to the network, 

A full image scanner utilized in the remote capture unit or image processing 
system of the present invention is now described. As illustrated in FIGs. 2q and 2r, a 
user deposits currency or documents into an input receptacle 7016. As- stated above, by 

30 "currency", "documents'", or "bills'* it is meant to include not only conventional U.S. or 
foreign bills, such as $1 bills, but also to include checks, deposit slips, coupon and loan 
payment documents, food stamps, cash tickets, savings withdrawal tickets, check deposit 
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slips, savings deposit slips, and all other documcius uiiiizcd as a proof o;\icpi..Mi 
tmanciaJ inslituiions. It is also rneani by ihe lerii; docuiinjius" Lt* iiiciuae Ki;i!i 
applications, credit card applications, studcni \o:i:\ apniu atiors. ac. ;)i:n;ir.:: :;■ . -.. j^ 
debit fomis, account transfer forms, and all oihcr types oi forms wiih picuciu; imiicu 
5 fields. By "financial institution documents" it is meant to include all of the above 
documents with the exception of currency. A transport mechanism 701 M ininsooiis ihc 
documents from the input receptacle 7016 past a full image scanner 7012. u> tl:j 
documents are illuminated by a light (not shown). The full image scanner 7012, 
described in greater detail below, scans the full image of liie documeni, rccuuni/.es 

10 certain fields within the document, and processes information contained within inese 
fields in the document. For example, the full imat;e scanner 701 2 may sciwcii u^i :hc 
serial number field when processing U,S. currency, determine the serial numncr oivcc liic 
field is located, and store the serial number for later use by the system. I Ik- s^ :(nii;.T ;uso 
obtains MICR, CAR, and LAR data from the MICR. CAR, and LAR tlci::^ • 

15 appropriate documents, such as checks without using a magnetic rcaticr. I'in: >ysu':n may 
also be used to capture any document hi^age for electronic document dispiay. cioeironic 
document storage, electronic document transfer, electronic documeni recoiznuion isuch 
as denomination recognition or check amount recounition) or any other p:\x j>.>it:L: 
function that can be performed using an electronic image. 

20 Next, the transport mechanism 7018 transports the document past a 

discrimination and authentication unit 7014 which is also described in greater detail 
below. 1'he discrimination and authentication unit 7014 authenticates the document and, 
in the case of a bill, determines the denominadon of the bill. On other documents, such 
as checks, the system may capture information such as the check amount, account 

25 number, bank number, or check number. The discrimination and authentication unit 
7014 also directs the transport una 7018 to place the document in the output receptacle 
7016 as described below. 

A dispensing unit 7022 dispenses funds to a user. For example, when the user is 
depositing currency in an account, the system has (he capahihiy to return ail tn p.iri 

30 deposit back to the user in the form of bills, coins, or other media via the dispensing unit 
7022. The amount of payback to the user may be supplemented by funcis from oiiicr 
accounts, as well, as described below. The dispensing unit 7022 is capable of acceptinp a 
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variety of media including money orders, smart cards, and checks and may include 
separate units directed to accepting a panicular type of media. 

A controller 7010 manages the operation of the system. The controlh.-: 
directs the flow of documents from the input receptacle 7016 (hrough tiic ir;inM)( .! i 
5 mechanism 7018, past the full image scanner 7012 and the discrimiaaiiuii aiwi 

authentication unit 7014, and into the output rcccouiclc 7020. The. ir;tns:>(M-t rr.i'r::.:ni.M]i 
directs Uie documents through the system such that the docujnents arc scimnL'.i .:;i;ier 
along their wide dimension as shown in FIG. 2m. AUemaiively, the documents arc 
passed through the system such that they are scanned along their narrow dimension as 

10 shown in FIG. 2n. The controller 7010 also directs the dispensing unit 7022 to dispense 
funds to the user and routes information from the full image scanner 701 2 and ihc 
discrimination and authentication unit 7014 to an interface 7024 which communicates 
with an outside accounting system or central office. The controller is also capable of 
directing information from the outside office through the interface and to a 

15 communications panel 7026. Finally, the controller 7010 selectively processes 

information from the full image scanner 7012 and the discrimination and authentication 
unit 7014 for use by the system. 

Various types of payments are made between customers of a financial institution 
using a full image scanner and the accounting system at a selected financial insiiiution. 

20 First, payments are made from one financial institution to another financial msiiiuiion to 
settle accounts. Second, payments are made from a retail customer lo a given financial 
institution or from the financial institution lo the given retail customer. Third, financial 
institutions can issue payments to and receive payments from the Federal Reserve Banks 
within each region. Fourth, consumers can m;ike payments or withdraw payments from 

25 financial institutions. Fifth, businesses of many kinds can make payment.s lo or wiihdrau- 
payments from financial institutions. The outside accounting system at tuc iicaiir -ai 
institution receives information which has been processed at the full image scanner of the 
present invention. The outside accounting system performs different operations nascd 
upon the type of media used in the transaction and the type of accounts accessed. 

30 When checks are utilized in a transaction, the check is tagged with the customer 

checking account number, the bank number, and the Federal Reserve Region. K multiple 
banks are involved in the payment, each bank's number is tagged to the paymeni throucrh 
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an endorsemem on the back of the check. Aheniarivcly. ihc system could uiii liic cilcck.N 
electronically. In other words, the customer checking uccouni number, b;ink tuunher, and 
Federal Reserve region are electronically tagged lo the check^s image. Tagging also 
occurs on current electronic payments such as wire transfers. 
5 The outside accounting system processes information associated with checking 

accounts which can be held by individual consumers, businesses, trade associations, 
trusts, non-profit organizations, or any other organization. Documents utilized in the 
check account function include checks, check account deposit slips, debit or credit slips 
which may be issued by the bank against the checking account, new account application 

10 forms, and forms for customers to reorder check and deposit slips. The full image 

scanner of the present invent processes all of these documents. The documents could be 
received at a full image scanner located at the teller line, a drive -up window, an ATM, 
or, alternatively, the documents may be received by mail. If received by mail, the bank 
employee immediately runs the documents through a full image scanner wi'.ho-;; i-iviiiL* 

15 to forward the documents to a central location for proccvssing. The outside accoiiniing 
system maintains a record of all transactions regarding the checking account. t}alanccs, 
and tracks information associated with a pariicuiar check. 

Savings accounts are another type of account for which the outside accounting 
system processes information. Savings accounts typically receive some rate of interest 

20 payment on the balances held. Individuals may maintain interest beaiing savings 

accounts at a bank. Depending upon the terms, a savings account could vary m durati(Mi 
for withdrawal from immediate demand for withdrawal to as long as five yeais. When a 
consumer agrees to leave the funds for a longer period of time, this usually provides the 
account with a higher earning interest rate. Documents used in a savings acci»uni 

25 transaction include deposit slips, withdrawal slips, new account application slips and 
debit or credit slips which can be applied against the account by the given banking 
institution. The full image scanner of the present invention processes all of these 
documents. Again, the documents could be received at the teller line, drivo-ap window. 
ATM, or by mail, and immediately be scanned ai poini ol crnry wntuuil ;;:^f;^^ ■;];.■ ^ 

30 document to a central location. This information is .sent to an outside acLo;:n;i::i: .sy>iL'ni 
where it c;m be stored, monitored, and analyzed. The accounting sysioiii v tinipiiL;-. 
stati.stics on customers and their accounts and maintains current baiancc>. iiucrL-.-.i 
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earnings, available funds, available advances, and records all information concerning 
deposits and withdrawals. 

Credit card accounLs are another type of account that are handled by the outside 
accounting system. When a credit card is used in a transaction, the bank typically 
5 receives a commission. The full image scanner of the present invention reads credit 
caids which ai'e being used for electronic payment. The outside accouniini: sysicm 
maintains a record of the customers credit limit, available credit, current h;il;jiiL'j. and 
payment. Preferably, the outside accounting system does not settle the credit card 
balance until the end of the month when the customer pays the balance due on the 
10 account. 

The debit card is similar to a credit card but is a newer type oi mcciia, Wuh ihc 
debit card, the customer's account is immediately dchiied wiien ihc iransaciiv>ii i-Kt - 
place. The full image processing system of the present invention accepts. acnii -nd 
performs the same functions described above witti rtispect U) credit carus. 

15 Smart cards are a new evolving method of payment. Banks, phone companies, 

and transit authorities issue smart cards for use by customers. The smaii cards have a 
pre-stored value in place which a customer draws against. Consumers might deposit cash 
or write a check or submit a savings withdrawal document through the lull iinaL't.* sLaiuicr 
to purchase a smart card. 

20 Various other types of documents are mainiaincti by a hank. h»: . ;; Ma.-.i: 

may maintain a trust for an individual such as a utircmciit irusi accour.-.. . t;- . 
accounting system can maintain all types of inlonuaiioii regartiinii \i\csc :vpc.N xu 
accounts such as account balances, interest earnings, and maturity dates. 

The outside accounting system also maintains records and manages inionr.aiion 

25 concerning mortgages, consumer loans, and siudcm loans. The outside av-vot:;^::::; 
system maintains records such as the loan balance, last payment, interest rate, i\n:i 
amount paid. 

The outside accounting system also distributes funds between the various 
accounts described above. For example, an individual, with checking and savmgs 
30 accounts at a bank, may also hold a mortgage with the bank. The outside accounting 
system can make monthly withdrawals from the checking account or savings account to 
pay the monthly mortgage amount due the bank. To accomplish this, the cusU)mer may 
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issue a check for payment and submit this agains! a coupon provided to liic just-Mv/jr by 
the bank with the required monthly mortgage p:ivniom. The counoij :\v..\ :t\c . 
savings withdrawal and coupon.) are run througii me lull miage scanner (at the leiier line 
or automated teller). The information is read by the full image scanner and transmitted to 
5 the outside accounting system which conducts the required transfers. 

A customer could use the outside accounting system lo eleciran!c:i;:\ : . - c .r.v. 
funds from an account without issuing a check as payment lowarti.s iheir moriLMLic, 
Alternately, a bank customer could mail the check payment and loan coupon \o iho tT:ini: 
Upon receipt, the bank employee immediately runs the check and coupon through the full 

10 image scanner at any bank location - branch, central offices, payment center, etc. I'he 
document would not have to be forwarded to a centralized proof department for handling. 

Jn a like manner, busines.ses can borrow funds from banks for mortgages on 
commercial property. Again* monthly payments are required, and the corporaiioi! nuis[ 
withdraw funds from their checking account U) make these nujnihly paMtiL u;- . •.: ;!:!!. 

\5 outside accounting system could be utilized to make an electronic payineni w iuu^ui the 
use of checks by using wire transfer or other nicihcnis. or the check ror payinci:! tlu* 
coupon may be scanned by the full image scanner. Alternatively, a bank customer could 
mail the check payment and loan coupon to the hank. Upon receipt, the bank employee 
immediately runs the check and coupon though the scanner at any bank location - branch, 

20 central offices, payment center, etc. Thus, the document would not have to be forwarded 
to a centralized proof department for handhng. 

Consumer loan transactions, for example, involving auto loans, home 
improvement loans, and educational loans, is another type of transaction processed by the 
outside accounting system. Payments are typically made using the monthly repayment 

25 schedule by the issuing of the check payable to the bank for the monthly balance. Full 
image scanning of the check and loan coupon could be utilized for this transaction. The 
payment can be processed as described above. Alternatively, the customer could mail 
payment and the bank could process through its full image scanners. 

Various types of business loan transactions arc also processed by the outside 

30 accounting system including a *'bank line of credit" or ^'revolving loan.'' This type of 
loan is typically one year in maturity. A given business draws up to an authorized 
amount in a given year. For example, a business may have a line of credit wiih a l»ank 
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for up to $2 million, and, on a daily basis, draw on this line of credit. The tvpicm 
collateral provided for this loan would include accounts receivables, invoiuo: . -n. 
long as the business has receivables to suppoit the loan, ii can draw up lo as iiuicn ;i> ihc 
authorized amount. Then, when the financial posiiion of the business impinvcs. [tic 
5 business pays down this revolving loan either by issuing a check payable lo luc n.mK o\' 
through wire electronic transfer from the business s cash accouni lo ilw ii;,.:: 
The full image scanner could be used to accept such check payments and the uuistde 
accounting system at the bank processes these payments as described above. 

Other types of loans, such as term loans which might have a fivc-vca: :;^i!'.:rn\- 
10 with a scheduled principle repayment and interest payment required on a irioauny v>! 

quarterly basis, lu'c processed and tracked by the outside accounting sysiein. Loiiiici- lenn 
loans, with collateral such as buildings, are also available that might have a 10 to l.-S year 
hfe. 

Banks sometimes underwrite bonds or other issues of securities by corporations. 

15 For example, a business may hold an industrial revenue bond issued by a city in the 
amount of $1 .5 million. However, in support of the businesses credit, the bank 
guarantees payment if the business could not perform. The business pays a small interest 
rate (for example, Vaov 1% per year) for the bank's guarantee. Checks are one method 
used by banks for such payments. Therefore, the full image scanner and outside 

20 accounting system may be utilized to process this type of transaction, as described above. 

Another important service provided by the outside accounting system for husiness 
accounts is cash management. This can be provided by lock box services or sweep 
accounts. For example, a business needs a minimum operating cash balance in their 
checking account each day to meet requirements for payment to vendors or employees, 

25 for example. Each day, hundreds of payments from various customers o\ [he i>li>ii!css arc 
received, typically by check. The checks are deposited into ihe general accouni of the 
business. When the busmess's account balances exceeds its operatmg rcouncincnis. the 
outside accounting system at the bank auiomaiicaily "sweeps" cxir:i fl^nti^ lu^iw \ iion 
interest beiuring account to an interest bearing account such as commeix;ial paper. 

30 In a similar manner, many companies have customer payments directed to a bank 

"lock box." This lock box address is at a bank location and all customer payments to the 
company are diverted to this lock box address. This insures that the payments arc 
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deposited as quickly as possible so that the bank s coniinerciai customers have 
immediate use of the funds at the bank. The nexi day the outside accouniiny s) sicim a: 
the bank advises the business which payments were received into the account and the 
business adjusts its accounts receivables balance one day later, creating a timing problem 
5 due to the delay. 

The full image scanner of the present invention enables a business lo scan the 
documents through the scanner at the businesses location (thus, eliminating the need to 
first send payments to a bank lock box location) and receive immediate credit 
electronically through the outside accounting system located at the bank. The check 

10 images and other images would immediately be available via the outside accounting 
system at the bank for settlement purposes. Therefore, lock box services by banks are 
handled on a de-centralized basis at bank customer locations. 

Another service the outside accounting system provides is payment of payroll 
accounts. The business instructs the accounting system at the bank of the amounts to 

15 withdraw from the business's general account on the day of payroll and credit the 
employee payroll accounts. The outside accounimg system can also provide direct 
deposits to employee accounts without actually issuing a check. Therefore, liic 
employees have immediate use of their funds. 

Businesses often maintain cash balances invested in bank commercial paper. The 

20 bank, via the accounting system, pays interest daily on ilie cash balances. Deposiis ami 
withdrawals are typically handled by a pre-auihorizcd otTiccr of the coM:pan\ .>i:. i. -.^ \hj 
controller. Movement of funds typically require written authorization iiiciudin.i: ;t 
signature of the company officer. The full image scanner and outside accouiiimu system 
of the present invention are utilized for withdrawals from commercial paper to a 

25 checking account or for purchase of commercial paper. This could be initiated by 
inserting a pre-dcsigncd form with an area to add the amount filed and authorized 
signature. The full image scanner captures the amount and seeks a match for the 
signature. 

The system, via the link with a central office computer 70 i .-^ . 
30 transactions substantially immediately. Thai is. ujpr)siis are procc.wj^i 

than waning for the end of the day. .Also, fuit :i:i:ii:':s o! ail tUKumoni- "ir. x; i ,\! .^li 
nja.ss storage devices 7017 at the cciuial offic-j. i:iivi>:cs cuiiki i-v- .a-.):*. :: 
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unit itself, or at another remote system. The images could also be temporarily siorcd and 

f orwarded at a later time. 

A personal computer 701 1 also be connected to the system. The personal 

computer can also process data from the scanning modules. Processing of scanned data 
5 can occur at the personal computer 701 1, within the full image scanning module 70 1 2 or 

ihc discrimination unit 7014, or at the central office computer 7015. The system also is 

connected to teller station 7013 (which includes a video display). 

Several full image scanners can be interconnected to form a local area network 

(LAN). The individual image scanners may he located ai iclier s!aiu>ns. in Wa-.w: z;;;:!!-, 
10 or at businesses, for example. In such a network, some or all image process:;;^: :s 

accomplished at the image scanner and not at some centralized hxuiiion. in aiuw words. 

the processing functionality is ''distributed" in such an arrangement. The mdividuai 

LANs may have a different physical layouts or KuKiiogies such ns mc nim. ;si;u :. .sad bus 

topologies discussed above. 
15 The communication panel 7026 displays information to the user and accepts user 

commands. The panel 7026 consists of a video screen 7050 onto which inlormaiton to 

the user is displayed by the system and a keyboard 7052 for accepting cnmm:inr)s irom 

user. As shown in FIG. 2c, the communications panel 7026 can consist of a touch screen 

7027 or as shown in FIG. 2d, a combination of a touch screen 7027 and kcyb(.)arci 702'X 
20 A slot 7054 is used for receiving a user's identification card. The user inserts the card 

into the slot 7054 to access the machine. The user deposits documents into bin 70^6. 

Loose currency is dispen.sed from slot 7058, strapped currency from receptacle 6tJ, and 

loose or rolled coin at receptacle 7062. 

As shown in FIG. 2p, other modules can he added to the svsicii: A . 
25 acceptance module 7063 is provided for accepting smart card. A snian .::.:::L;:st(ij: 

module 7065 is provided for dispensing smart cards. An optical reader nuxhii j 'On? is 

also provided for accepting and dispensing optical media. 

An audio microphone 7()64a and speaker 7064h allow iwo-way a^ninwiwi, .;Mnr. 

between the user and a central office, for example, with a teller at a bank's central olTice. 
30 Thus, during the operating hours of a financial institution^ bank personnel are connected 

to the system by the audio microphone 7064a and speaker 7064b. The central off ice 

computer 7015 (which includes a video terminal) also receives and displays full video 
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images of the documents from the system. If the documents are not recognizahic. ihe 
image is forwarded to the bank employee for observation on the iermiiK!i. :i:;::k 
employee could then discuss the document with tlie customer, hi this case, ihc hank 
employee could decide to accept the document immediately for credit after reviewing ihc 
5 image on the terminal. With a full image scan, enouiih iniot niaiiori mav ikiU' 
scanned on an unrecognizable document that review hy the bank cmpiovce :!:■ 
terminal will enable the bank employee to accuraieiv c::i!t the vahie o\ \\\c ci*.?; ::::!er: 
Additionally, the image of a document may be presented on a lelier's !ne,rii: .)i I; 
reviewing the data, the teller may be able to enter missing data via liicir Kevti.^u.:. a i:v. 

10 image is recognizable. If the teller is near the machine and an image on the monitor is 
unclean the teller may remove the document from the scanner, inspect the document, and 
enter the missing data. The value could also be entered by the denomination keys and 
other information by a alphanumeric keypad, as described below, or with a mouse anu 
applications software. _Additionally, the value could be entered by a touch screen lievicc 

15 or by any combination of the input means described above. The documen: wci:::.: he 
placed in back of the output receptacle 7020 and processing would eon: n:. it.:, i.^ .iiK- 
situations, the customer might enter the value or other '.nformaiion coi^eenn-ii: \\\: 
unidentified documents. This entry would be via ihe keyboard and credit would he given 
to the customer's account only after the document is verified by bank personal, Jn other 

20 situations, the customer may merely hold onto the document. 

A mentioned previously, the system has a slot for the insertion oi a cusnxner 
identification card. Alternatively, the customer might enter a PIN ideniilicaiion number 
through the keyboard. After identification of the customer is determined, then the 
customer submits a document (such as a check or savings account withdrawal slip) and 

25 immediate payment to the customer is made. 

The output receptacle 7020 can be a single bin as shown in FIG. 2a into which all 
documents transported by the transport mechanism 701 K are stored. Alternatively, the 
output receptacle 7020 can consist of dual bins as shown in FIG. 2e. In the case of dual 
bins, identifiable documents arc placed into the first bin and unidentifiable documents are 

30 placed into the second bin. Additionally, as shown in FIG. 2f, any number of output bins 
can be used to store the documents. For example, currency of particular denominations 
can be stored in separate bins. For example, one t)in each can he used to store % 1 . S5. 
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SIO, $20, $50, and $100 bills. Users deposit coins into receptacle 7023 and ±c>-: aiv 
processed in coin discriminator and sonar 7019. Alii^rr.aiivL'iy. {\)c cuslvmik-: , . v: i;-.; 
to select the bins by entering selecting data into a terminaL as the system is rnv: iuini.: 
providing '*on the fly" bin selection. Alternatively, a coin receptacle 702:^ c:;in hr fojipictj 
5 to a coin discriminator and sorter 7019 as illustrated in FIG. 2r. 

As shown in FIG. 2g, the full image scanner can be used without the 
discrimination unit with a single output receptacle. Alternatively, as shown in FIG. 2h, a 
full image scanner can be used in a system without a discrimination unit with two output 
bins or receptacles. Finally, as shown in FIG. 2i, the full image scanner can iK- used \i\ :i 

10 system without a discrimination unit in a system containing any number or output tiins. 

FIG. 2o depicts an exterior perspective view and FIG. 2s is a side view m' a iniilii- 
pocket document processing system 5010 according to one embodiment of the present 
invention. According to one embodiment the document processing system 5010 is 
compact having a height (H) of about 17 Vz inches, width (W) of about 13 Vi inches, and 

15 a depth (D) of about 15 inches. The evaluation device 5010 may be rested upon a 
tabletop. 

In FIGS. 2o and 2s, documents are fed, one by one, from a stack of documents 
placed in an input receptacle 5012 into a transport mechanism. The transport mechanism 
includes a transport plate or guide plate 5240 for guiding documents to one of a plurality 

20 of output receptacles 52 1 7a and 52 17b. Before reaching the output receptacles 52 1 7a, 
5217b a document can be, for example, evaluated, analyzed, authendcated, 
discriminated, counted and/or otherwise processed by a full image scanning module. The 
resuhs of the above process or processes may be used to determine to which output 
receptacle 5217a, 5217b a document is directed. In one embodiment, docuiuL-niN sulIi i\s 

25 currency bills are transported, scanned, and identified at a rate in excess of 8otJ bills or 
documents per minute. In another embodiment, documents such as currency bills are 
transported, vScanned, and identified at a rate in excess of 1000 bills or documents per 
minute. In the case of currency bills, the identification includes ihc dcicrminaiion of the 
denomination of each bill. 

30 The input receptacle 5012 for receiving a stack of documents to be processed is 

formed by downwardly sloping and converging walls 5205 and 5206 (see FIG. 2.sj 
formed by a pair of removable covers (not shown) which snap onto a frame. The 
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converging wall 5206 supports a removable hopper (not shown) thin inciudes vonicaliy 
disposed side walls (not shown). One embodinienl of an input rece[)tacle is desLi ibcd 
and illustrated in more detail in United States patent application Serial No, 08/450.505, 
filed May 26, 1995, entitled "Method and Appanitus for Discriminating and Couiuini! 
5 Documents" which is incorporated by reference in its entirety. The document nrocessinL) 
system 5010 in FIG. 2o has a touch panel display 5015 in one embodiineni of ilic present 
invention which displays appropriate "functional'* keys when appropriate, Tiie touch 
panel display 5015 simplifies the operation of the multi-pocket document processing 
system 5010. AUematively or additionally physical keys or bullous may he empii»yciL 

10 From the input receptacle 5012, the documents are moved in seriatim from a 

bottom of the stack along a curved guideway 521 1 (shown in FIG. 2s) which receives 
documents moving downwardly and rcarwardly and changes the direction of travel to a 
forward direction. Although shown as being fed from the bottom, the documents can be 
fed from the top, front, or back of the stack. The type of feeding used could be friction 

15 feed, a vacuum feed, or any other method of feeding known to those skilled in the art. A 
stripping wheel 5220 (shown in FIG. 2t) mounted on a stripping wheel shaft 52 19 aids in 
feeding the documents to the curved guideway 5211. The curvature oi" the guideway 
521 1 corresponds substantially to the curved periphery of a drive roll 5223 so as to form 
a narrow passageway for the bills along the rear side of the drive roll 5223. An exit end 

20 of the curved guideway 521 1 directs the documents onto the iranspon pkue 52-10 which 
carries the documents through an evaluation section and to one ot'ihc oiiu)iii rcocinaclcs 
5217a, 5217b. 

Stacking of the documents in one embodiment is accomplished bv a pair oi 
driven stacking wheels 52 12a and 5213a for liic first or upper t»uiput rcccpi.u::^.' ;7.: 

25 and by a pair of stacking wheels 5212b and 5213b for the second or bottom output 

receptacle 5217b. The stacker wheels 5212a,b and 5213a,b are supported for roiutional 
movement about respective shafts 5215a,b joumalled on a rigid frame and driven by a 
motor (not shown). Flexible blades of the stacker wheels 5212a and 5213:i cieiivcj liic 
documents onto a forward end of a stacker plate 5214a. Similarly, the llexiblc biade.s in 

30 the stacker wheels 5212b and 5213b deliver the bills onto a forward end oi a slac ker plate 
5214b. 
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A diverler 5260 directs the documents In either the first or second oulpui 
receptacle 5217a, 5217b. When the divertcr is in a lower position, documents arc 
directed to the first output receptacle 5217a. When the diverter 5260 is iit an uppci 
position, documents proceed in the direction of the second output receptacle 52 17b. 
5 FIGS. 2j-l depict multi-pocket document processing system 5010, such as a 

currency discriminators^ according to embodiments of the present invention. FIG. 21 
depicts a three-pocket document processing system 5010. FIG. 2j depicts a four-pocket 
document processing system 5010. FIG. 2k depicts a six-pocket document processing 
system 5010. 

10 The multi-pocket document processing systems 5()]() in FiG. 2j-l mivc ;i nanspon 

mechanism which includes a transport plate or guide piaie 5240 fur guidine ci-rrcncy 
documents to one of a plurality of output receptacles 52 ! 7. The tmnsrinn j -^ IM) 
according to one embodiment is substantially tlui and linear without any proiruaing 
features. Before reaching the output receptacles 5217, a document can he, for example, 

15 evaluated, analyzed, authenticated, discriminated, counted and/or otherwise processed. 

The multi-pocket document processing systems 5010 move ihc cit«::ti!:u*ii:s m 
seriatim from a bottom of the stack along the curved guideway 52 1 1 wiuci: i 
documents moving downwardly and rearwardly and changes the direcnnu oi ii;ivl-i lo 
forward direction. Although shown as being fed from the bottom, the documents can be 

20 fed from the top, front, or back of the stack. An exit end of the curved guidcwny 52\] 
directs the documents onto the transport plate 5240 which carries the documents through 
an evaluation section and to one of the output receptacles 5217. A plurality of divencrs 
5260 direct the documents to the output receptacles 5217. When the divertcr 52()0 is in a 
lower position, documents are directed to the corresponding output rccc:n::c:- . .\ 

25 When the diverter 5260 is in an upper posiiion. iii>cuincnts proceed :ii \ \w .! a-.-r 

remaining output receptacles. 

The muki-pockci document processing svsieins 30H) ofFlC;, ?.\ ! . ;t;::r 
one embodimenl includes passive rolls 5250, 525! wincii arc inounicu on ar. unaciside ui 
the transport plate 5240 and are biased into counter-rotating contact with their 

30 corresponding driven upper rolls 5223 and 524 1 . Other embodiments include a i)liiraliiy 
of follower plates which are substantially free from surface features and ;i:v si::),s;.;[U;al:y 
smooth like the transport plate 5240. The follower places 5262 and 527S :irc |i<>siiu)ned 
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in spaced reialion lo transport plute 5240 so as to define a currency pathway 
therebetween. In one embodiment, follower plates 5262 and 5278 have apertures only 
where necessary for accommodation of passive rolls 5268, 5270, 5284, and 5286. 

The follower plate, such as follower plate 5262, works in conjunciion wiin liie 
5 upper portion of the transport plate 5240 to guide a hill 5020 from tik- . ' : 

lu a driven roll 5264 and then to a driven loJl 5260. The passive rolls .uv 
biased by H-springs into counter-rotating contact with iIk- concspondini! driven rolls 
5264 and 5266. 

The general operation of the automated documeni processing sysicji; in :ilL:si:uici: 
10 in FIG- 2u. The user conducts a transaction ai step 10a. During the transaction sicp 10a, 
the user places documents into the input receptacle 7016, the full image scanner 7t) i 2 
scans a full image of the documents, selected parts of the image are processed h\ ilic 
image scanner 7012, the discrimination and authentication unit 7014 authenticates the 
document, and the document is placed in the output receptacle 7020. Durin*; the 
15 transaction step 10a, any interaction with personnel at a central office, for example, with 
a bank teller, occurs. As previously described, the system may also inchulc ;i sman card 
processing module, modules which accept and read all forms of magnetic and optical 
media, and modules which dispense smart cards and all forms of optical and inneneiic 
media. 

20 An alarm condition may be generated during a transaction. At siv m -ni-. 

system determines whether an alarm condition is present. If the answer is affirmative, 
then at step iOc the system responds to the alarm condition. The response may be 
automatic or may require manual action by the user. If the response is automatic, the 
system preferably flashes a warning light, for example a 24 VAC external light driven by 

25 a relay. If the response required is manual, the user is required to perform some manual 
action and instructions of how to proceed may be displayed to the user on a user display 
screen, as described below. Alarm conditions occur when the user presses a help key; 
when a currency dispenser becomes empty; when more than a progranamable 
predetermined amount of foreign currency is detected; upon a system error condition; and 

30 when a bin is full. If the answer to step lOb is negative or upon completion of step lOc, 
operation continues at step lOd. 
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After the alarm condition is tested or haiuiied, uic ainouni ticpusiic.i .ii 
transaction is stored at step lOd for later use. The v;iliies pve\c\-:\'M\ Nh -iw: -m ;. 
computet' memory. Next, at step lOe, the user oi machine disiribmcs 
amount stored in step lOd. Step 10c is also dcsLnbcci in iircaier ciciaii v^ci.^w . : 
5 example, consist of receivmg the deposited amount in the form o!' bilis. aiUx\:;:::j :: : = - .i 
savings account, or receiving part of the deposit back in bills and crediting the remainder 
to a bank savings account. At step lOf, the user is given the choice of conducting a new 
transaction. If the answer is affirmative, the system returns to step lOa which is 
described above. If the user answers in the negative, then the machine slops. 

10 The full image scanner 12 is now described in detail. In accordance with liie 

present invention^ the image scanner may be of the type disclosed in U.S. Paieni No. 
4,K8S,8i2 which is herein incorporated by reference in its entirely. As .snuwr. n: rlCi. ?. 
the from and back surfaces of the documents are scanned by scan heads 80 and K2 and 
the images processed into video image data by electronic circuitry. The scan heads 80 

15 and 82 are preferably charge coupled scanner arrays and generate a sequence of analog 
signals representing light and dai'k images defining the image on the document. Tiie scan 
heads 80 and 82 are arranged for simultaneously scanning both the from and back of the 
documents and arc connected respectively to analog-io-digital converters 84 and S6 
which convert the analog values into discrete bimiry gray scale values of. for example, 

20 256 gray scale levels. The scan heads are capable of obtaining images of varying 

resolutions. The particular resolution chosen, which can be varied by the user, is selected 
based upon the type of document being scanned, as is known in the art. 

The high resolution gray scale image data from the analog-to-digital conveners 
84 and 86 is directed to an image data preprocessor 88 in which the data may l)e 

25 enhanced and smoothed and which serves to locate the edges of successive documents 
and discard irrelevant data between documents, if the documents are sliuhily skewed, ihe 
image preprocessor can also perform rotation on the image data lo taeiiiiaie 
subsequent processing. 

The image data is monitored for unacceptable image quality by image quahty unit 

30 90. For example, the image quality unit 90 and monitors the distribution of gray scale 
values in the image data and create a histogram. As is well known in liie :ii :. . ?:::at^!c 
quality images have a distribution of gray scale values wiihin certain pre.scribeci ::i:iiis. !: 
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the gray scale distribution of the histogram falls outside these limits, this is iiuiic;iuve i)\ 
poor image quality and an error condition is generated. 

The image data is transmitted from the quality unit 90 to the image processor 92. 
As is known in the art, the optica] scanners can additionally scan specified fields on ihe 
5 faces of the document. For example, when processing checks, ihc scan heaci iiia\ search 
for the symbol as a coordinate to the left of tiie numeric check anioum ticid A> 
is known in the art, a straight coordinate system or dimension system is used where 
known dimensions of the box are used to locale the field. Also, when scannini! currency, 
the system searches for the serial numbers printed at defined locations which the image 

10 processor 92 can locate. The processor 92 can be programmed to locate fields for 

various types of currency and perform processing as follows. Based on scanning certain 
areas on the currency or document, the processor 92 first identifies the type of currency, 
for example, U.S. bank notes. Then, based on the outcome of the previous step, certain 
fields of interest are located, and the information stored for use by the system. The 

1 5 processor 92 may also compresses the image data, as is known in the art, in preparation 
for transmission to an outside location. 

The amount of image data per document may vary depending upon the size and 
nature of the document and the efficiency of the data compression and reduction for that 
particular document. To insure that no data is lost in the event that (he volume o\ luiat'c 

20 data may temporally exceed the transfer capacity of the high speed data channel, 
prechannei buffer 94 interposed prior to the data channel, which is connected U) {u^ 
controller 10. The capacity of the pre-channel buiTer 94 is continually moniiorcd by the 
controller 10 so that appropriate action may he laKen if the bufler hcconurs ovci in;:iicd 
The compressed video image data is received by the controller 7010 over a high-speed 

25 data channel 96 and is initially routed to temponu^' storage. The image buffer is 

preferably of a size capable of storing the image data from at least several batches ur j uns 
of checks or similar documents. The controller 10 in the full image scanner pcrio; :^.-. in. 
functions of amilyzing the data. Alternatively, as discussed above, analysis oi ihe ciaia 
can occur at the central office computer 701 5 or at a personal computer 70 1 1 ruiachcd lo 

30 the system. 

The personal computer or alternate means may be used to create images o: 
documents that are electronic images only, without scanning documents. For cxaniplc. 
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ihe EDGE system by Cummins-Allison corpuraiion couici be used. In Micii a system, 
computer software electronically creates an image of a document such as a check. A 
special primer (not shown) is connected to the system to print documents with special 
fields such as magnetic ink fields. 
5 A plurality of document processing systems may be connected in a ''huh and 

spokes" network architecture as is known in the art. In order to prevent congestion, the 
image buffer on each document processing system stores data until polled by the central 
office computer or outside accounting system. When polled, the data is uploaded to the 
central office computer or accounting system. 

10 Other scanning modules and methods can be used in place or in addition to the 

])aiiicular one described above. These include CCD array systems, multi-cell anays and 
other well-known scanning techniques. Examples of these techniques and dovicL*^ are 
described in U.S. Patent No. 5,023, 782; U.S. Patent No. 5,237,158; U.S. Patent No. 
5.187,750; and U.S. Patent No. 4,205,780 all of which arc incorporated by rcrercncc in 

15 their entirety. The scanning module can also be a color image scanner such as ilie type 
described in U.S. Patent No. 5,335,292 which is incorporated by rciercncc in its eniirciy. 

Referring now to FIG. 2u, a customer uses the document processing system by 
accessing the system at step 8002. This step could include entering a P!N or ip.seniniz an 
identification card. Alternatively, in some sysicius. no IMN or card nui\ be ivvMi;.-.:. 

20 Next, at step 8004, the customer enters an itemized, declared balance. I'lien, ai step 
8006, the customer feeds currency into the system. Next, at step 8008, the customer 
feeds checks into the system. Then, at step 8010, the customer feeds coins into the 
system. At step 8012, the customer reviews the deposit and may be prompieii u) enter 
any missing data. At step 8014, the customer is asked for a receipt. If the answer is 

25 affirmative, a receipt is printed at step 8016. If the answer is negative, exeeuiion ends. 

The individual units of the image processing network can be loeaicci \\\ the iKick 
room of a bank, to facilitate batch processing. Thus, documents can he proj-ssci: at liie 
convenience of bank employees. This has several advantages. For example, msiejcl ol 
waiting until the end of the day to process all documents, these items can be processed in 

30 groups or batches. The images can be sent to a central location relievin.LZ eoni:esiion in 
the central location and the back room since items can t^e processed ai several mucs 
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during the day rather than at one lime at the end of the day. CAR/LAR processing and 
POD can be done either at the unit in the back room or at a central location. 

The discrimination and authentication unit may contain a single or multiple head 
scanner. Before explaining such a multiple head scanner, the operation of a scai^.ner 
5 having a single scanhead is first described. In particular, a currency discnnunaiKni 
system adapted to U.S. currency is described in cdnneciion will) Fl( is. iii-m;. 
Subsequcnlly, modifications to such a discriminanon and auihenticaiioii a!-:! .vii: 
described in obtaining a currency discriininauoi: anci aiiMicmicaiioa ua.: ;:. a.. .a.:..;.^\ 
with the present invention. Furlherinore, while the embodiments of ihc discrimmation 

10 and authentication unit described below entail the scanning of currency bills, ihc 
discrimination and authentication unit of the present invention is appiiLah:.^ : : : 

documents as well. For example, the system of the present mvctnioii laa. : 

in conjunction with stock certificates, checks, bands, aiui postage and luou ^:ai:i;>^. aiitj 
all other financial institution documents. 

15 Also, an image can be displayed on a display screen for comparison as a method 

of flagging. The image processing means need not stop during processing. For example, 
a batch of one hundred notes could be processed; all notes are $20 bills except one that 
is a S5 bill. The $5 bill image will be displayed to a customer. The customer could read 
the display amount and verify that it is a $5 bill. Altemaiivcly, after tlic iiiai aiu! 

20 full slack was run, customers could look through the stack to try lo f:iKi i i :., .^o. 
as a part of flagging and display of the imnge on the screen, ihe inacmnu .k- 
slopped exactly on the note or several notes later. 

Referring now to FIG. 4a, there is shown a uinciiunal block ciiaL-rain iiai..:raii[ii: a 
currency discriminating unit having a single scanhead. The unit 910 includes a bill 

25 accepting station 912 where stacks of currency bills that need to be identified and 

counted arc positioned by the transport mechanism. Accepted bills are acted upon by a 
bill separating station 914 which functions to pick out or separate one bili ai a uiuc for 
being sequentially relayed by a bill transpon mechanism 916. according to a precisely 
predetermined transport path, across scanhead 918 where the currency denomination of 

30 the bili is scanned and identified. Scanhead 918 is an optical scanhead that scans for 
characteristic information from a scanned bill 917 which is used to identify the 
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denomination of the bill. The scanned bill 917 i> ihcn ininsponcd to i - 
station 920 where bills so processed are stacked lor subsequent removal. 

The optical scanhead 918 of FIG. 4a comprises .n icasi one mhiwx- vl^ 
directing a beam of coiierent liglit downwardly (mjio ihe hill iranspon p:iii; sii .i- ; 
5 illuminate a substantially rectangular light strip 924 upon a currency biii 9 1 7 jiosuioned 
on the transport path below the scanhead 918. Light retlected off the illuminaieii .strip 
924 is sensed by a photodetector 926 positioned directly above the strip. The aiutiui? 
output of photodetector 926 is converted into a digital signal by means ui ;m aiiiiM^^j-ic 
digital (ADC) converter unit 928 whose output is fed as a digital input to a central 

1 0 processing unit (CPU) 930. 

While scanhead 918 of FIG. 4a is an optical scanhead, it should be understood 
that it may be designed to detect a variety of characteristic information from currency 
bills. Additionally, the scanhead may employ a variety of detection means such as 
magnetic, optical, electrical conductivity, and capacitive sensors. Use of such sensors is 

15 discussed in more detail below, for example, in connection witli FIG. 15. 

Referring again to FIG. 4a, the bill transport path is defined in such a way that the 
transport mechanism 916 moves currency bills with the narrow dimension of the bills 
being parallel to the transport path and the scan direction. Alternatively, ihc system 910 
may be designed to scan bills along their long dimension or along a skewed dimension. 

20 As a bill 917 moves on the uransport path on the scanhead 918, the coherent light strip 
924 effectively scans the bill across the narrow dimension of the bill. As depicted, the 
transport path is so arranged that a currency bill 917 is scanned by scanhead 918 
approximately about the central section of the bill along its narrow dimension, as siiown 
in FIG. 4a. The scanhead 918 functions to detect light reflected from the bill as it moves 

25 across the illuminated light strip 924 and to provide an analog representation of the 

variation in light so reflected which, in turn, represents the variation in the dark and light 
content of the printed pattern or indicia on the surface of the bill. This variation in light 
reflected from the narrow dimension scanning of the bills serves as a measure for 
distinguishing, with a high degree of confidence, among a plurality of currency 

30 denominations which the discrimination unit of this invention is programmed lo handle. 
A series of such detected reflectance signals are obtained across the narrow 
dimension of the bill, or across a selected segment thereof, and the resuhitii! anaiog 
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signals arc digitized under control of the CPU 930 lu yield a fixed nurnhci tii viti;iuu 
reflectance data samples. The data samples are then subjected to a digitizing process 
which includes a normalizing routine for processing the sampled data for improved 
correlation and for smoothing out variations due to contrast fluctuations in ihc [irinicci 
5 pattern existing on the bill surface. The normalized reflectance data so digitized 

represents a characteristic pattern that is fairly unique for a given bill denommauon and 
provides sufficient distinguishing features among characteristic patterns fur dificrL-nt 
currency denominations. This process is more fully explained in Uiiiied Silucs p:jicm 
application Serial No. 07/885,648, filed on May 19. 1992, now issued as United States 

10 Patent No. 5,295,196 for a "Method and Apparatus for Currency Discrimination and 
Counting," which is incorporated herein by reference in its entirety. 

In order to ensure strict correspondence between reflectance samples obiaincd by 
narrow dimension scanning of successive bills, the initiation of the refleciance sampling 
process is preferably controlled through the CPU 930 by means of an optical encoder 932 

15 which is linked to the bill transport mechanism 9 1 6 and precisely tracks the physical 

movement of the bill 917 across the scanhead 918. More specifically, the optical encoder 
932 is Unked to the rotary motion of the drive motor which generates the movement 
imparted to the bill as it is relayed along the transport path. In addition, the mechanics of 
the feed mechanism (not shown, see United States Patent No. 5,295,196 referred to 

20 above) ensure that positive contact is maintained between the bill and the transport path, 
particularly when the bill is being scanned by scanhead 918. Under these condaiuus, ihc 
optical encoder 932 is capable of precisely tracking the movement of the niii 1 1 rctaiivc 
to the light strip 924 generated by the scanheacl 9IK hy monitoring Llic roiary inoiiun of 
the drive motor. 

25 The output of photodctector 926 is monitored by the CPU 930 to initially detect 

the presence of the bill underneath the scanhead 918 and, subsequently, to detect itic 
starting point of the printed pattern on the bill, as represented by the thin NMO.Tini-- *M7a 
which typically encloses the printed indicia on currency hills. Once the horde: :!:;.* v ! 7 A 
has been detected, the optical encoder 932 is used to control the timing and nuint)cr of 

30 reflectance samples that are obtained from the output of the phorodeiector 926 ;is >ne bill 
917 moves across the scanhead 918 and is scanned along its narrow dimension. 
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The use of the optical encoder 932 lor controlling the sampling pmcess rciaiive io 
the physical movemem of a bill 917 across the scanhead 918 is also advantageous in thai 
the encoder 932 can be used to provide a predetermined delay following detection of the 
borderline prior to initiation of samples. The encoder delay can be adjusted in such a 
5 way that the bill 917 is scanned only across those segments along its narrow dimension 
which contain the most distinguishable printed indicia relative to the different currency 
denominations. 

In the case of U.S. currency, for instance, it has been determined that i lie ccmrai. 
approximately two-inch (approximately 5 cm) portion of currency bills* as scanned 

10 across the central section of the narrow dimension of the bill, provides sufficient data for 
distinguishing among the various U.S. currency denominations on the basis of the 
correlation technique disclosed in United Stales Patent No. 5,295.196 referred to above. 
Accordingly, the optical encoder can be used to control the scanning process so that 
reflectance samples are taken for a set period of time and only after a ccnain period of 

15 time has elapsed since the borderline 917A has been detected, thereby rcsmciMii: me 
scanning to the desired central portion of the narrow dimension oi the bill. 

FlGs. 4b-4ci illustrate the scanning process nf scanhead 920 in more ciciaii. 
Referring to FIG. 4b, as a bill 917 is advanced in a direction parallel to the narrow ^dgcs 
of the biii» scanning via a wide siii in the scanlieitd 9 US is elYecicci aioiii: sci:ii)l-iii t)! 

20 the cenu*al portion of the bill 917. This segment S begins a fixed distance D inboard of 
the borderline 917A. As the bill 917 traverses the scanhead 9 1 a sirif) s of the sr-inein 
S is always illuminated, and the photodetector 926 produces a continuous ouinui >igi;a] 
which is proportional to the intensity of the light rellecied from the iliuinmau m >;! in > ;:i 
any given instant. This output is sampled at intervals controlled by the encoder, so that 

25 the sampling intervals are precisely synchronized with the movement of the bill ross 
the scanhead 918. 

As illustrated in FIGs. 4b and 4d, it is preferred that the sampling intervals be 
selected so that the strips s that are illuminated for successive samples overlap one' 
another. The odd-numbered and even-numbered sample strips have been sjr:i: in 
30 FIGS. 4b and 4d to more clearly illustrate ihis overlap, l-or example, inr : ; ^: : : 
strips si and s2 overlap each other, the second and ilurd sui|)s s2 and ovcr::i;i . -^n 
other» and so on. Each adjacent pair of snips overlap cacli other. For i'S vi:: : v. il^is 
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is accomplished by sampling strips that are 0.050 inch (0.127 cm) wide at 0,029 inch 
(0.074 cm) intervals, along a segment S that is 1.83 inch (4.65 cm) long (64 samples). 

The optical sensing and correlation technique is based upon using the above 
process to generate a series of stored intensity signal patterns using genuine bills :or each 
5 denomination of currency that is to be detected. According to one embodiment, two or 
four sets of master intensity signal samples are generated and stored within system 
memory, preferably in the form of an EPROM 934 (sec FIG. 4a). for cacii dcicc.uble 
currency denomination. The sets of master inieiisuy signal samples lor c;il[i nii. arc 
generated from optical scans, performed on the green surface of the bill and taken along 

10 both the "forward" and "reverse" directions relative to the pattern primed nn \\\c hill. 
Alternatively, the optical scanning may be pertbrmed on the black side ci I ' S . .;:-ivucv 
bills or on either surface of bills from other countries, .^ddiiionaliy. ihc i)i)ii;*ai ...lanninu 
may be performed on both sides of a bill, for example, i^y placini; a scaniicia ur. jacii 
side of the bill transport path as described in more detail in United Stairs n.iicnt 

15 application Serial No. 08/207,592 filed Maixh S, 1994. tor a "Method and .^\i;i;.i::;m,s :oi 
Currency Discrimination," now issued as U.S. Pat. No. 5,467,406, and incorporated 
herein by reference. 

In adapting this technique to U.S. currency, for example, sets of stored intensity 
signal samples are generated and stored for seven different denominations ui U.S. 

20 currency, i.e., $1, $2, S5, $10, $20, $50 and $100. For bills which produce signiiicani 
pattern changes when shifted slightly to the ieli or right, such as the $2 and the .S 10 hill in 
U.S. currency, it is preferred to store two patterns for each of the "forv, :ud * ":-:\ cvsc" 
directions, each pair of patterns for the same direction represent two scan arca.s tnai are 
slightly displaced from each other along the long dimension of the bill. Accordingly, a . 

25 set of a number of different master characteristic patterns is stored within the sysiem 

memory for subsequent correlation purposes. Once the master patterns have been stored, 
the pattern generated by scanning a bill under test is compared by the CPU 930 with each 
of the master patterns of stored intensity signal samples to generate, for each comparison, 
a correlation number representing the extent of correlation, i.e., similarity between 

30 corresponding ones of the plurality of data samples, for the sets of data being compared. 
In the case of checks, the system compares the image signature to a stored master 
signature or to an account number. 
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The CPU 930 is programmed lo identify ihc (lefiominiuion ofihc sc;i::;:l-.: \>u\ a 
coiTCSponding to the set of stored intensity sii;n:i; sainpics ior whici: ihc ::v,.;;.... . 
number resulting from pattern comparison is rou.nd lo ihe niuncsi \v. cr it-: 
preclude llie possibility of mischaracierizing ih-j -:cni>ir;iiKUiun of a .scaiinci ri;;. v. eii 
5 as to reduce the possibility of spurious notes being identified as bclonginu to a valid 
denomination, a bi-level threshold of correlation is used as the ba.sis for i nakini: a 
"positive" call. Such a method is disclosed in United States Paient No. .-^ .2^'^ " 
referred to above. If a "positive" call can not he made lor a scanncii . :a: 

is generated. 

10 Using the above sensing and correlation approach, the CPU 930 is [)roi:ranmicd 

lo count the number of bills belonging to a particular currency denomination as part of a 
given set of bills that have been scanned for a given scan batch, and to determine the 
aggregate total of the currency amount represented by the bills scanned during a scan 
batch. The CPU 930 is also linked to an output unit 936 (FIG. 4a) which is adapted to 

15 provide a display of the number of bills counted, the breakdown of the bills m ic i ims ol 
currency denomination, and the aggregate total of the currency value rcprescnicc: ny 
counted bills. The output unit 936 can also l)e adapted to provide a prmi-oui oi me 
displayed information in a desired format. 

A procedure for scanning bills and generating characteristic patterns is described 

20 in United States Patent No. 5,295,196 referred to above and incorporated by reference in 
its entirety and co-pending U.S. patent application Serial No. 08/243,807, filed on May 
16, 1994 and entitled "Method and Apparatus for Currency Discrimination." 

The optical sensing and correlation technique described in United Status Pateru 
No. 5,295,196 permits identification of pre-programmed currency denominations with a 

25 high degree of accuracy and is based upon a relatively shon processing time for 

digitizing sampled reflectance values and comparing them to the master characteristic 
patterns. The approach is used to scan currency bills, normalize the scanned data and 
generate master patterns in such a way that bill scans during operation have a direct 
correspondence between compared sample points in portions of the bills which possess 

30 the most distinguishable printed indicia. A relatively low number of rcflccaa/u^- sa:ni)ic.> 
is required in order to be able to adequately distinizuish among several currencs 
denominations. 
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Now that a single scanhead currency scanner has been described in connection 
with scanning U.S. currency, a currency discrimination unit according to :m embodiincni 
of the present invention will be described, hi paiticuJar, a discriinination unn tii:it can 
accommodate bills, checks, or any financial institution document of non-uniionn size 
5 and/or color will be described. 

First of all, because currencies come in a variety of sizes, sensors arc added to 
determine the size of a bill to be scanned. These sensors are placed upstream of the 
scanhcads to be described below. One embodiment of size determining sensors is 
illustrated in FIG. 4e. Two leading/trailing edge sensors 962 detect the leading and 

10 trailing edges of a bill 964 as it passing along the transport path. These sensors in 

conjunction with the encoder 932 (FIG. 4a) may be used to determine the dimension of 
the bill along a direction parallel to the scan direction which in FIG. 4e is the narrow 
dimension (or width) of the bill 964. Additionally, two side edge sensors 966 are used to 
detect the dimension of a bill 964 transverse to the scan direction which ui FIG. 4c is the 

15 wide dimension (or length) of the bill 964. While the sensors 962 and 966 of FIG. 4e are 
optical sensors, any means of determining the size of a bill may be employed. 

Once the size of a bill is determined, the potential identity of the bill is limited to 
those bills having the same size. Accordingly, the area to be scanned can be tailored to 
the area or areas best suited for identifying the denomination and country of origin of a 

20 bill having the measured dimensions. 

Secondly, while the printed indicia on U.S. currency is enclosed within a chin 
borderline, the sensing of which may serve as a trigger to begin scanning usifii; a wider 
slit, most currencies of other currency systems such as those from other countries do not 
have such a borderline. Thus the system described above may be modified to bei;in 

25 scanning relative to the edge of a bill for currencies lacking such a borderline. Rcfemng 
to FIG. 4f, two leading edge detectors 968 arc shown. The detection of trie ieadini: cugc 
969 of a bill 970 by leading edge sensors 968 Iri.i^gers scanning in an area :t LMveit 
distance away from the leading edge of the bill 970, e.g., D) or D:, whicii r.iay v-ry 
depending upon the preliminary indication of the identity of a bill based on inc 

30 dimensions of a bill. Alternatively, the leading edge 969 ofa hill may bt- ii.-i-jj!-.;! :;y one 
or more of the scanheads (to be described below). Alternatively, the beginning of 
scanning may be triggered by positional information piovided by the encoder 932 ol FICi. 
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4a, for example, in conjunction with the signals provided by sensors 962 of PIG. 4e, thus 
eliminating the need for leading edge sensors 968. 

However, when the initiation of scanning is triguercd by the tietcciioi) oi me 
leading edge of a bill, the chance that a scanned pattern will be offset relative to a 
5 corresponding master pattern increases. Offsets can result from the existence of 

manufacturing tolerances which permit the location of printed indicia of a document to 
vary relative to the edges of the document. For example, the printed indicia on li.S. bills 
may vary relative to the leading edge of a bill by as much as 50 mils which is (J.U5 inches 
(1.27 nun). Thus when scanning is triggered relative to the edge of a bill (rather than the 

10 detection of a certain part of the printed indicia itself, such as the printed borderline of 
U.S. bills), a scanned pattern can be offset from a corresponding master pattern by one or 
more samples. Such offsets can lead to erroneous rejections of genuine bills due to poor 
correlation between scanned and master patterns. To compensate, overall scanned 
patterns and master patterns can be shifted relative to each other as illustrated in FIGs. 5a 

15 and 5b. More particularly » FIG. 5a illustrates a scanned pattern which is offset from a 
corresponding master pattern. FIG. 5b illustrates the same patterns after the sc::mncd 
pattern is shifted relative to the master pattern, thereby increasing the correlation t)ctween 
the two paucms. AUcrnaiivcly, instead of shii^tini: cither scanned piHiern-v nr (nasicr 
patterns* master patterns may be stored in memory corresponding to difiereni ot isci 

20 amounts. 

Thirdly, while it has been determined that the scanning of the central at ca on the 
green side of a U.S. bill (see segment S of FIG. 4c) provides sufficicniiN i i i.;[iLr:i> 

to enable discrimination among the plurality of U.S. deiioininaiioas. ihe ccni:;!; :ii;iv 
not be suitable for bills originating in other countries. For example, for hills ..)r!i:!ii:ninL: 

25 from Coimlry 1, it may be determined that segment S( (FIG. 40 provides :i more 

preferable area to be scanned, while segment S2 (FIG. 4f) is more preferable tor oiils 
originating from Country 2. Altemadvely, in order to sufficiently discriminate among a 
given set of bills, it may be necessaiy to scan bills which are potentially from such set 
along more than one segment, e.g., scanning a single bill along both Si and So. 

30 To accommodate scanning in areas other than the central piiriion m Oiu. 

multiple .scanheads may be positioned next to e:ich other. One embociin-icnt v.-: s;:, :. 
multiple scanhcad system is depicted in FIG. 6. MuUiplo scaniiciui.s ^)72:, c ;.;;ci *.;72J 
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arc positioned next to each other along a direction lateral to the direction of bill 
movement. Such a system permits a bill 974 to be scanned along different segments. 
Multiple scanheads 972a-f are arranged on each side of the transport p:iili. ihu.N 
permitting both sides of a bill 974 to be scanned. 
5 Two-sided scanning may be used to permit bills to be fed into a currency 

discrimination unit according to the present invention with either side face up. An 
example of a two-sided scanhead arrangement is disclosed in U.S. patent application 
Serial No. 08/207,592 filed on March 8, 1994 and issued as U.S. Pat. No. 5,467,406 and 
incorporated herein by reference. Master patterns generated by scanning genuine bills 

10 may be stored for segments on one or both sides. In the case where ina.Ni-r p.r.k > arv 
stored from the scanning of only one side of a genuine hiii. ilic patiein^ iv".: :; . 
.scanning both sides of a bill under test may he compared to a nuisier sci siiv^'U'-Mtic' j 
master patterns. In such a case, a pattern retrieved iVoni one side oi a h:i! iiru-j; 'vst 
should match one of the .stored master patterns, while a paiicrn reiric\ e;i I rnv; iiu r.thci 

15 .side of llie bill under test should not match one or the master patterns. Aiicruauveiy, 

master patterns may be stored for both sides of genuine bills. In such a two-sided system, 
a pattern retrieved by scanning one side of a bill under test should match with one of the 
master patterns of one side (Match 1) and a pattern retrieved from scannini: w-.c .;:>;)usiU' 
side of a bill under test should match the master pattern associated with the oppusiic .^iuc 

20 of a genuine bill identified by Match 1. 

Alternatively, in situations where the face orientation of a bill (i.e.. wlicihLM a t)ill 
is "face up" or "face down") may be determined prior to or during characteristic pattern 
scanning, the number of comparisons may be reduced by limiting compai isons to 
patterns corresponding to the same side of a bill. That is, for example, when it is known 

25 that abill is "face up", scanned patterns as.sociaied with scanheads above it--.: i:;;:. >pt.;ri 
path need only he compared to master patterns vzeneraied by .scannmg me "jacc o\ 
genuine bills. By "face" of a bill it is meant a side which is desigiKUcd as the from 
surface of the bill. For example, the front or "facL-" of a U.S. hill may be desii:naied as 
the "black" surface while the back of a U.S. bill may be designated as thc "green" surface. 

30 The face orientation may be determinable in some situations by sensing the color of the 
surfaces of a bill. An alternative method of determining the face orientation of U.S. bills 
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by detecting the borderline on each side of a bill is disclosed in U.S. Pal. No. .*S,4o7.4()0. 
The iniplenientation of color sensing is discussed in more detailed below. 

According to the embodiment of FIG. 6. the bill tninspoii inoL-iU'.ius:;; ..e ,':;ik'.N 
such a fashion tliat the central area C of a bill 974 is transported between ccnirai 
5 scanheads 972b and 972c. Scanhcads 972a and 972c and likewise scanhcads: ^)~>2d and 
972f are displaced the same distance from central scanheads 972h and ^Hl.:. '.\ iivc.*!\ 
By symmetrically arranging the scanheads aboin the ccnirai rcuioa oi a Din. .iia\ s 
scanned in either direction, e.g., lop edge first ( lorwarci tiireciion) t^r txuKvn ^-li-- i lrsi 
(reverse direction). As described above with respect to l-"IG. 4a. master naiicrns :i:c 

10 stored from the scanning of genuine bills in boti; the lorward and rc\ c: ^i;:.^ 

While a symmetrical arrangement is preferred, u is not essential providcu apprupi laic 
master patterns arc stored for a non-symmetrical system. 

While FIG. 6 illustrates a system having three scanheads per side, any nimiber ot 
scanhcads per side may be utilized. Likewise, it is not necessary that there he a scanhcad 

15 positioned over the central region of a bill. For example, FIG. 7 illustrates another 

embodiment of the present invention capable of .scanning the segments Si and S7 of FIG. 
4f. Scanheads 976a, 976d, 976e» and 976h .scan a bill 978 along .segment Si while 
scanhcads 976b, 976c, 976f, and 976g scan scgn^cm S?. 

FIG. X depicts another embodiment of a .scanning .system according 10 die present 

20 invention having laterally moveable scanheads 980a-b. Similar scanheads may be 

positioned on the opposite side of the transport path. Moveable scanheads 980a-b may 
provide more flexibility that may be desirable in certain scanning situations. Upon the 
determination of the dimensions of a bill as described in connection with FIG. 4e. a 
preliminary determination of the identity of a bill may be made. Based on this 

25 preliminary determination, the moveable scanhcads 980a-b may be positioned over the 
area of the bill which is most appropriate for retrieving discrimination information. For 
example, if based on the size of a scanned bill, it is preliminarily determined that the bill 
is a Japanese 5000 Yen bill-type, and if it has been determined that a suitable 
characteristic pattern for a 5000 Yen bill-type is obtained by scanning a segment 2.0 cm 

30 to thd left of center of the bill fed in the forward direction, scanheads 980a and 980b may 
be appropriately positioned for scanning such a segment, e.g., scanhead 980a |K)siti()nt;cl 
2.0 cm left of center and scanhead 980b positioned 2.0 cm right of center. Such 
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positioning permits proper discrimination regaidicss ot'iiic whether the scanncLi bill is 
being fed in the forward or reverse direction. Likevvtst: scanheatis on ihc ui)p(^^iit* ^lUe* ui 
the transport path (not shown) could be appropriaicly posiiioncii A\{^::::\::\ \ . - 
moveable scanhead may be used on one or both sides ul the ininsfioi I p;i;;i ::. . . . 
5 system, size and color information (to be described in more detail beiowj iw v.>lm Ui 
properly position a single laterally moveable scanhcad, especially where ihc oi u'nutiiori 
of a bill may be determined before scanning. 

FIG. 8» depicts a unit in which the transpon mechanism is designed to deliver a 
bill 982 to be scanned centered within the area in which scanheads 980a-b are located. 

10 Accordingly, scanheads 980a-b arc designed to move relative to the center of the 
transport path with scanhead 980a being moveable within the range Ri and sL:ir.:iL\Kl 
980b being moveable within range R2. 

FIG. 9 depicts another embodiment of a scanning system according 10 the present 
invention wherein bills to be scanned are transported in a left justified manner along the 

15 transpon path, that is wherein the left edge L of a bill 984 is positioned in the same 
lateral location relative to the transport path. Based on the dimensions of the bill, the 
position of the center of the bill may be determined and the scanheads 986a-b may in turn 
be positioned accordingly. As depicted in FIG. 9, scanhead 986a has a range ;.)! [notion 
R3 and scanhead 986b has a range of motion R4. The ranges of motion ol scanheads 

20 986a-b may he iniluenced by the range of dimensions of bills which the discrimination 
unit is designed to accommodate. Similar scanheads may be positioned on the opposite 
side of the transport path. 

Alternatively, the transport mechanism may be designed such that scanned bills 
are not necessarily centered or justified along the lateral dimension of the transport path. 

25 Rather the design of the transport mechanism may permit the position of hills v:irv KMt 
and right within the lateral dimension of the transport path, in sucti a case, mc .m-c 
sensors 966 of FIG. 4e may be used to locale the edges and center of a hill, ana uuis 
provide positional information in a moveable scanhead system and selection criteria \n a 
stationary scanhead system. 

30 In addition to the stationary scanhead and moveable scanhead systems described 

above, a hybrid system having both stationary and moveable scanheads may be used. 
Likewise, it should be noted that the laterally displaced .scanheads described above need 
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not lie along the same lateral axis. Thai is, the scanheads may be, for example, staggered 
upstream and downstream from each other. FIG. 10 is a top view of a staggered 
scanhead arrangement according to one embodiment of the present invention. As 
illustrated in FIG. 10, a bill 130 is transported in a centered manner along the transport 
5 path 132 so that the center 134 of the bill 130 is aligned with the center 136 of the 

transport path 132, Scanheads 140a-h are arranged in a staggered tnanncr so as to perinii 
scanning of the entire width of the transport path 132. The areas iiluminaicd by each 
scanhead are illustrated by strips I42a, 142b, I42e,and 142f for scanheads 14()a, I4()b, 
]40e, and 140f, respectively. Based on size determination sensors, scanheads 140a and 

10 140h may either not be activated or their output ignored. 

In general, if prior to scanning a document, preliminary information about a 
document can be obtained, such as its size or color, appropriately positioned stationary 
scanheads may be activated or laterally moveable scanheads may be appropriately 
positioned provided the preliminary information provides some indication as to the 

15 potential identity of the document. Alternatively, especially in systems having scanheads 
positioned over a significant portion of the transport path, many or all of the scanheads of 
a system may be activated to scan a document. Then subsequently* after some 
preliminary determination as to a document's identity has been made, only ihc output or 
derivations thereof of appropriately located scanheads may be used to generate scamicd 

20 patterns. Derivations of output signals include, ibr example, data samples stored in 

memory generated by sampling output signals. tJndci such aa alicnuuivc cinniaiimcni. 
information cnabhng a preliminary determination as to a document's idcniity :Ma\ t^c 
obtained by analyzing information either iVom sensors sepaniie froiii ihc sc:;:!ti'j:i:is oi 
from one or more of the scanheads themselves. An advantage of sucii prciir.iiiia; \ 

25 determinations is that the number of scanned paiierns whK ii hiwc in yi nv: n • i .-r 

compared to a set of master patterns is reduced. Likewise the number of niasici patterns 
to which scanned patterns must be compared may also be reduced. 

While the scanheads 140a-h of FIG. 10 are arranged in a non-overlapptriLi 
manner, they may alternatively be arranged in an overlapping manner; By p.nn'intni: 

30 additional lateral positions, an overlapping scanhead arrangement may [irovicic iircaicr 
selectivity in the segments to be scanned. This increase in scanable scgnicnis may be 
beneficial in compensating for currency manufacturing tolerances whicii rcsuii ii; 
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positional variances of the printed indicia on bills relative to their edges. Additionally, in 
one embodiment, scanheads positioned above the transport path are positioned iipsiream 
relative to their corresponding scanheads positioned bcJow the transport paiii 

In addition to size and scanned characteristic patterns, color may also ix- used to 
5 discriminate bills. For example, while all U.S. bills arc printed in the same colors, e.g.. a 
green side and a black side, bills from other countries often vary in color vvitii iiic 
denomination of the bill. For example, a German 50 deutsche mark bill-type is brown in 
color while a German 100 deutsche mark bill-type is blue in color. Alternatively, color 
detection may be used to determine the face orientation of a bill» such as where the color 

10 of each side of a bill varies. For example, color detection may be used to deierrmne the 
face orientation of U.S. bills by detecting whether or not the "green" side of a U.S. hill is 
facing upwards. Separate color sensors may be added upstream of ihc scraniioae::; 
described above. According to such an embodiment, color informaiion may t)c iiscd la 
addition to size information to prclimimuiiy idcniify a bill. Likewise, comm ir.:.>; inan(>n 

1 5 may be used to determine the face orientation of a bill which detenninalion may be used 
to select upper or lower scanheads for scanning a bill accordingly or compare scanned 
patterns retrieved from upper scanheads with a .set of master patterns generated i>v 
scanning a corresponding face while the scanned patterns retrieved iroin nu' iuwi-: 
scanheads are compared with a set of master patterns generated t)y scanrar.L: aa t .pposM:^: 

20 face. Alternatively, color sensing may be incorporated into the scanhcacis dcsc: ::icd 

above. Such color sensing may be achieved by. for example, incorporating coiui tiller.^, 
colored light sources, and/or dichroic beamsplitters into the currency discrimination unit 
of the present invention. Various color information acquisition techniques are described 
in U.S. Patent Nos. 4,841.358; 4,658,289; 4,716,456; 4,825,246; and 4,992.860. 

25 The operation of the currency discrimination unit according tu oik: crurin.iimfn; 

of the present invention may be further understood by referring to the flowchart o\ FIGS. 
1 la and lib. In the process beginning at step 100. a bill is fed along a iranspon \y.\{h 
(step 102) pa.si sensors which measure the lengtfi and witith of the hill tstcp lO-D. Tlicr.sc 
size determining sensors may be, for example, those illustrated in FIG. 4e. Next at step 

30 106, it is determined whether the measured dimensions of the bill match the dimensions 
of at least one bill stored in memory, such as EPROM 960 of FIG. 4e. If no match is 
found, an appropriate error is generated at step 108. If a match is found, the color of the 
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bill is scanned for at step 1 10. At step 1 12, il is determined whether the coh>r a] the bill 
matches a color associated with a genuine bill having the dimensions measured :u step 
104. An error is generated at step 114 if no such match is found. However, ii a match is 
found, a preliminary set of potentially matching bills is generated at step 1 16. Often. 
5 only one possible identity will exist for a bill having a given color and dimonsi(nis. 
However, the preliminary set of step 1 16 is not limited id ihc idcntMu;!!:. . ...j;, 

bill-type, that is, a specific denomination of a spccinc ciirrcrK v sysicrii: : ■ . luv 

preliminary ser may comprise a number of [Huciiti:il tnii -ly pes. l or -x:;:n:)u . . \ 
bills have the same size and color. 'I'hereiore, the prciiininar\' sc* L'cncr:i:c(! bv si -jnnniL* 
10 a U.S. $5 bill would include U.S. bills of ail dciiorniiuiuon.s. 

Based on the preliminary sec (step 1 16j, selected scanheads in a siauunai v 
scanhead system may be activated (step 1 18). For example, if the preliminary 
identification indicates that a bill being scanned has the color and dimensiuns o: 
German 100 deutsche mark, the scanheads over regions associated wim iiic ^c.i;::;:nL: oi 
15 an appropriate segment for a German 100 deutsche maik may be activated. Then upoti 
detection of the leading edge of the bill by sensors 968 of FIG. 4f, the appropriate 
segment may be scanned. Alternatively, all scanheads may be active with only the 
scanning information from selected scanheads being processed. Alternatively, based on 
the preliminary identification of a bill (step 1 1 6), moveable scanheads may be 
20 appropriately positioned (step 1 18). 

Subsequently, the bill is scanned for a characteristic pattern (step .\\ sicp 

122, the scanned patterns produced by the scanheads are compared with the stored master 
patterns associated with genuine bills as dictated by the preliminary .set. By cinly milking 
comparisons with master patterns of bills within the preliminary set, processing time may 
25 be reduced. Thus for example, if the preliminary set indicated that the .scanned bill could 
only possibly be a German 100 deutsche mark, then only the master pattern or patterns 
associated with a German 100 deutsche mark need be compared to the scanned patterns. 
If no match is found, an appropriate error is generated (step 124). If a scannetl pattern 
does match an appropriate master pattern, the identity of the bill is accordingly indicated 
30 (step 126) and the process is ended (step 128). 

While some of the embodiments discussed above entailed a unit capable of 
identifying a plurality of bill-types, the system may be adapted to identify a hill under test 
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as either belonging to a specific bill-type or not. For example, the unit may he aLiupicd lo 
store master information associated with only a smiile hiil-rype such ;is a I inu-u 
Kingdom 5 £ bill. Such a system would ideiuity bills under icsi whi; !i u c: j I 
Kingdom 5 £ bills and would rcjcci all other bill-iypcs. 
5 The scanheads of ihe pre.^eni invention may be incorporated uKu uic uiui .uiu 

used to identify a variety of documents includint' currency and financia: ; 
documents such as checks, deposit slips, coupons and food stamps. For example, the 
unit may be designed to accommodate a number of currencies from different countries. 
Such a unit may be designed to permit operation in a number of modes. For example, the 

10 unit may be designed to permit an operator to select one or more of a pluralit)* of bill- 
types which the system is designed to accommodate. Such a selection may be used to 
limit the number of master patterns with which scanned patterns are to be compared. 
Likewise, the operator may be permitted to select the manner in which bills will be fed, 
such as all bills face up, ail bills lop edge first, random face orientation, and/or random 

15 top edge orientation. Additionally, the unit may be designed to permit output 

information to be displayed in a variety of formats to a variety of peripherals, such as a 
monitor, LCD display, or printer. For example, the unit may be designed ro count the 
number of each specific bill-types identified and to tabulate the total amount of currency 
counted for each of a plurality of currency systems. For example, a stack of bills could 

20 be placed in the bill accepting station 912 of FIG. 4a, and the output unit 936 of FIG. 4a 
may indicate that a total of 370 British pounds and 650 German marks were counted. 
Alternatively, the output from scanning the same batch of bills may provide more 
detailed information about the specific denominations counted, for example one 100 £ 
bill, five 50 £ bills, and one 20 £ bill and thirteen 50 deulsche mark bills. 

25 FIG. 12 shows a block diagram of a counterfeit detector 2 10. A microprocessor 

212 controls the overall operation of the counterfeit detector 210. It should be nuicd that 
the detailed construction of a mechanism to convey documents through the counicncit 
detector 210 is not related to the practice of the present invention. iVlanv com iL!uraiionK 
are well-known in the prior art. An exemplary configunition includcs an airatiiJicnijni oi 

30 pulleys and rubber belts driven by a single motor. An encoder 2 1 4 may be used to 

provide input to the microprocessor 212 based on the position of a drive shal l 2 i 6. which 
operates the bill-conveying mechanism. The input from the encoder 214 ailcns s ihc 
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microprocessor lo calculate the position of a document as it travels and to deiorminc the 
timing of the operations of the counterfeit detector 210. 

A stack of documents (not shown) may be deposited in a hopper 2 1 8 which holds 
the documents securely and allows the documents in the stack to be conveyed one at a 
5 time through the counterfeit detector 210. After the documents are conveyed to the 

interior of the counterfeit detector 210, a portion of the document is optically scanned bv 
an optical sensor 220 of the type commonly known in the art. The optical .sensor 
generates signals thai correspond to the amount of light reflected by a small ponion of 
the document. Signals from the optical sensor 220 are .sent to an auiplificr cncuii 222, 
10 which, in turn, sends an output to an analog-io-digital converter 224. The output of the 
ADC is read by the microprocessor 212. The microprocessor 212 stores each element of 
data from the optical sensor 220 in a range of memory locations in a random access 
memory ("RAM") 226, forming a set of image data thai corresponds to ilie ohiirci 
scanned. 

15 As the document continues its travel through the counterfeit detector 2 1 (.), It is 

passed adjacent to a magnetic sensor 228, which detects the presence of magnetic ink. 
The magnetic sensor 228 desirably makes a plurality of measurements along a path 
parallel to one edge of the document being examined. For example, the path sensed by 
the magnetic sensor 228 may be parallel to the shorter edges of the document and 

20 substantially through the document's center. The output signal from the magnetic sensor 
228 is amplified by an amplifier circuit 230 and digitized by ihe ADC 224. i i.t- .ut-nai 
value of each data point measured by the magnetic sensor 228 is read by itio 
microprocessor 212. whereupon it is stored in a range of memory in the i<AM 2'2(>. The 
magnetic .sensor 228 is capable of reading and iLicniifying all types of niatinciic ink. For 

25 instance, the sensor 228 can read *Mow dispersion ' magnetic inks on checks "i.uw 
dispersion" magnetic ink is magnetic ink mixed with color ink and used to \mu\ ilie 
background of checks as well as the name and address information on the check. 

The digitized magnetic data may be mathematically manipulated iv> smipiiiN ii> 
use. For example, the value of all data points may be summed to yield a ciiccKsuML 

30 which may be used for subsequent comparison to expected values computed from 

samples of genuine documents. As will be apptirenl, calculation of a checksum for later 
comparison eliminates the need to account for the orientation of the document wiUi 
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respect lo the magnetic sensor 228. This is true because the checksum represents the 
concentration of magnetic ink across the entire path scanned by the mimnt;iic sensor 
regai'dless of valuations caused by higher concentrations in certain regions of ihe 
document. 

5 The image data stored in the RAM 226 is compared by the microproccssur 212 to 

standard image data stored in a read only memory ("ROM") 232. The stored iinaiio data 
corresponds to opiicaJ data generated from genuine documents sucli as currency oi a 
plurality of denominations. The ROM image data may represent various orientations of 
genuine currency to account for the possibihty of a document in the stack being in a 
10 reversed orientation compared to other documents in the stack. If the image data 

generated by the document being evaluated does not fall within an acceptable limit of any 
of llie images stored in ROM, tlie document is determined to be of an unknown 
denomination. The machine stops to allow removal of the document from the suick oi 
currency. 

15 If the image data from the document being evaluated corresponds to one of the 

images stored in the ROM 232, the microprocessor 212 compares the checksum the 
magnetic data to one of a plurality of expected checksum values siore.ci in !<v ;;vi 
An expected checksum value is stored for each denonunaiiui) thai is hcnii: couiiieJ. i'lic 
value of each expected checksum is determined, ibr example, by avcraLV!!;: \iw niiuncm- 

20 data from a number of genuine samples of each ujnontinalion ol" ::ucics:. !: ;:.v t-i 
the measured checksum is within a predetermmcu raniic of the cxpccict: cnc, i; iul 
document is considered to be genuine. If the checksum is not within the accc|)i ai)k: 
range, the operator is signaled that the document is suspect and the operation of the 
counterfeit detector 210 is slopped to allow its retrieval. 

25 If the document passes both the optical evaluation and the magnetic c\ aluaiion. n 

exits the counterfeit detector 210 to a stacker 234. Furthermore, the counterfeit tlciccior 
210 may desirably include the capability to maintain a running total of genuine 
documents, for example, currency of each denomination. 

It should be noted that the magnetic checksum is only compared u* the expected 

30 checksum for a single denomination (i.e. the denomination that the optical data 

comparison has indicated). For instance, the only way in which a bill can be classified as 
genuine is if its magnetic checksum is within an acceptable range for its specific 
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dcnominiuion. For a counterfeit bili to be considered genuine by the counieMcii ilctirctoi 
of the present invention, it would have to be within an acceptable range in the 
denomination-discriminating optical comparison and have a distribution of magnetic ink 
within an acceptable range for its specific denomination. 
5 To summarize the operation of the unit, a stack of documents, for example, bills 

orchecks, is fed by the transport mechanism (element 18 in FIG. laj into itic (uMipci 
218. Each document is transported adjacent to the optical sensor 220. which i^civjraics 
image data corresponding to one side of the tiocuineni, I'he tlociitnefii is iii^D >i .;:;rkM \^\ 
a magnetic sensor 228 and a plurality of data points concsporuiini: lo ir.c picsjiu v* ■.}•.' 

10 magnetic ink arc recorded by the microprocessor 212. A checksum is geneiaieo oy 
adding the total of all magnetic data points. The image data generated by the optical 
sensor 220 is compared to stored images, for example, images that correspond lo a 
plurality of denominations of currency. When predetcnnincd iiUoi maiiun m-. :: 
denomination of the bill being evaluated has been determined, the chccksmii is v\un[xn'ci; 

1 5 ti) a stored checksum corresponding to a genuine bill of that denonunaiion. The 
microprocessor 212 generates a signal indicating that the document is genuine or 
counterfeit depending on whether said data is within a predetermined range of the 
expected value. Documents exit the counterfeit detector 210 and are accumulated in the 
stacker 234. 

20 no, 13 is a flow diagram of an exemplary discrimination unit according to an 

embodiment of the present invention. At step 236, the presence of a bill approachiaj: the 
optical sensor 220 is detected by the microprocessor 212, which inuiatcs an opiical 
scanning operation 238. Image data generated by the opiical scanning operaiion are 
stored in RAM 226. The number of optical samples taken is not critical to the operation 

25 of the present invention, but the probability of accurate classification of the denomination 
of u bill increases as the number of samples increases. 

At step 240, the microprocessor 212 initiates the magnetic scanning operation. 
The data points obtained by the magnetic scanning operation may be stored in the RAM 
226 and added together later to yield a checksum, as shown in step 244. Alternatively, 

30 the checksum may be calculated by keeping a running total of the magnetic data values 
by adding each newly acquired value to the previous total. As with the optical scanning 
operation, the number of data points measured is not essential, but the chances of 
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accurately idenlilying a counterfeit bill based on the concentraiuMi of inai-nr::^ ::f 

improve as the number of samples increases. Ai sicp iTiC :;i:.roi;:\ . : ; ... .:: 

the denomination of the bill by comparing! ihe iiiKiiit' ti;ii:t u> ;i piin aiii'. ■ j..: ; 
each of which corresponds to a specific dcnornir.aiion o\ ciiricncv i ;ic mh; Kicniiicui 
5 as belonging to the denomination con'espondinL: k> oik- ofihe kmuvii s: ;ir. r,;:ij i: liv.- 
correlation between the two is within an acccpiaoic ran^ic. Ai sicp 24l'. Hi-j .;ij.:.-.uni 
resulting from the summation of the magnetic data points is compared to an cxpccicd 
value for a genuine bill of the denomination identified by the comparison of tlu' iMiantr 
data to the stored data. 

10 The expected value may be determined in a variety of ways. One method us to 

empirically measure the concentration of magnetic ink on a sample of genuine bills and 
average the measured concentrations. Another method is to program the microprocessor 
to periodically update the expected value based on magnetic data measurements of bills 
evaluated by the counterfeit detector over a period of time, 

15 If the checksum of the bill being evaluated is within a predetermined range of the 

expected value, the bill is considered to be genuine. Otherwise, the bill is considered to 
he counterfeit. As will be apparent, the choice of an acceptable variation from the 
expected checksum determines the sensitivity of the counterfeit detector. If ihe range 
chosen is loo nanow, the possibility that a genuine bill will be classified as counterfeit is 

20 increased. On the other hand, the possibility thai a counterfeit bill will be classified as 
genuine increases if the acceptable range is too broad. 

FIG. 14 is a graphical representation of the magnetic data points generated by 
both a genuine pre- 1996 series one hundred dollar bill (solid line) and a counterfeit one 
hundred dollar bill (broken line). As previously noted, bills arc desirably scanned along a 

25 path that is parallel to one of their short edges. The graph shown in FIG, 14 shows 

magnetic data obtained by scanning a path passing approximately through the center of 
the bill. The measurements in the region designated "a" correspond to the area at the top 
of the bill. The area designated "b" corresponds lo the central region of the biil anci the 
region designated "c" corresponds to the bottom of the biil. The magnetic measurements 

30 for the genuine bill are relatively high in region a because of the high concentration of 
magnetic ink near the top of the bill. The concentration of magnetic ink in rcyicin h is 
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rcluiivcJy small and the concentration in region c is generally between iIk- eoru.i'i'.iriinnas 
in regions a and c. 

It should be noted that the concentration of magnetic ink in a typical counterfeit 
bill is uniformly low. Thus, the sum of the all data points for a counterfeit bill is 
5 generally significantly lower than for a genuine bill. Nonetheless, as counterfeiting 
techniques become more sophisticated, the correlation between genuine bills and 
counterfeits has improved. 

The unit described above increases the chances of identifying a countericit bill 
because the denomination of a bill being evaluated is determined prior lo the evaluation 
10 of the bill for genuineness. The checksum of the bill being evaluated is only compared to 
ihe expected checksum for a bill of that denomination. The process of identifying the 
denomination of the bill prior to evaluating it for genuineness minimizes the chance that 
a "good" counterfeit will generate a checksum indicative of a genume bili of any 
denomination. 

15 Referring next to FIG. 15, there is shown a functional block diagram illustrating 

one embodiment of a discrimination and authentication unit similar to thai depicted in 
FIG. 4a but illustrating the presence of a second detector. The discrimination and 
authentication unit 250 includes a bill accepting station 252 where stacks of currency 
bills that need to be identified, authenticated, and counted are positioned. Accepted bills 

20 are acted upon by a bill separating station 254 which functions to pick out or separate one 
bill at a time for being sequentially relayed by a hill transport mechanism 250, accurdiui^ 
to a precisely predetermined transport path, across two scanheads 260 and 262 where ihc 
currency denomination of the bill is identified and the genuineness ol ihr is 
authenticated. In the embodiment depicted, ihc scanhcac 260 is i);^;^:;: liiu; 

25 scans for a first type of characteristic information from a scanned bill 257 whicli is used 
to identify the bill's denomination. The second scanhead 262 scans for a second type of 
characteristic information from the scanned bill 257, While in the illustrated 
embodiment scanheads 260 and 262 are separate and disiinci. ii i.> uikiL;-.;.^..: 
may be incorporated into a single scanhead. For example, where the rirs: . ;.'; :si!.; 

30 sensed is intensity of reflected light and the second characteristic sensen is t'i>;i)r, ;i >ingk- 
optical scanhead having a plurality of detectors, one or more without |-iliL':s :iir.i or 
more with colored filters, may be employed (U.S. Pat. No. 4,992,860 incorporaieu iierein 
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by reference). The scanned bill is then transported lo a bill slacking station 2M wlierc 
bills so processed are stacked for subsequent removal. 

The optical scanhcad 260 of the embodiment depicted in FIG. \5 ct>f uprises ;it 
least one hght source 266 directing a beam of coherent iighi downvvardiy unio ihc bill 
5 transport path so as to illuminate a substantially rectangular lighi su ip 258 upon a 
currency bill 257 positioned on the transport path below the scanhead 200. Light 
reflected off the illuminated strip 258 is sensed by a phoiodeiector 268 positioned 
directly above the strip. The analog output of the phntodetecinr 26H is convened inio :i 
digital signal by means of an analog-^to-digital (ADC) convener unit 270 wiu^se v-vupui 

10 fed as a digital input to a central processing unit (CPU) 272. 

The second scanhead 262 comprises at least one detector 274 for sensing a 
second type of characteristic information from a bill. The analog output of the detector 
274 is converted into a digital signal by means of a second analog to digital converter 
276 whose output is also fed as a digital input to the central processing unit (CPU) 272. 

15 While scanhead 260 in the embodiment of FIG. 15 is an optical scanhead. it 

should be understood that the first and second scanhcads 260 and 262 m.iv he j-siiincLi \>^- 
detect a variety of characteristic information from currency bills. Addiuonuii v liic.e 
scanheads may employ a variety of detection means sueti as magnetic or i>j>iie;ii censors. 
For example, a variety of currency characteristics can be ineasureil usini: maiineuc 

20 sensing. These include detection of patterns oi e:iangcs in m:iL;nc;ic flux ; L\.S, No 
3.280,974), patterns of vertical grid lines in the portrait area of bills (U.S. Pal. No. 
3,870,629), the presence of a security thread (U.S. Pat. No. 5. 151,607), total amouni of 
magnetizable material of a bill (U.S. Pat. No. 4.617,458), patiems from sensini- n:e 
strength of magnetic fields along a bill (U.S. Pat. No. 4,593.184). and [;:;;:. : n... 

25 counts from scanning different portions of the bill such as the iirea in which ilie 
denomination is written out (U.S. Pat. No. 4,356,473). 

With regard to optical sensing, a variety of currency characteristics can be 
measured such as detection of density (U.S. Pat. No. 4,381,447), color (U.S. Pat. Nos. 
4.490,846; 3,496,370; 3,480,785), length and thickness (U.S. Pat. No.-4,255,651), the 

30 presence of a security thread (U.S. Pat. No. 5,151.607) and holes (U.S. Pat. No. 

4,381,447), and other patterns of reflectance and transmission (U.S. Pai. No. |W'"...17C): 
3,679,314; 3,870,629; 4,179.685). Color detection techniques may employ color liiicrs. 
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colored lamps, and/or dichroic beamsplitters (U.S. Pat. Nos. 4.84 1. 4.t)5v^.2>v: 
4,716,456; 4,825,246, 4,992,860 and EP 325,364). An optical sensing system using 
ullraviolet light is described in the assignee's co-pending U.S. patent application Serial 
No. 08/317,349, filed October 4» 1994, and incorporated herein by reference, and 
5 described below. 

In addition to magnetic and optical sensing, other techniques of detecting 
characteristic information of currency include electrical conductivity sensinu, capaciiive 
sensmg (U.S. Pat. No. 5,122.754 [watermark, security thread]; 3,764.H9^> f thickness I: 
3,815,021 [dielectric properties]; 5,151,607 [security thread]), and mechiiaic:.: ;;si:^.ii 

10 (U.S. Pat. No, 4,381,447 [limpne.sN]; 4,255,651 tthickness]). 

Referring again to FIG. 15, the bill transport path is defined in such a w av ihai the 
transport mechanism 256 moves currency hills with ihe iiarmw dniu^asnMi -nils 
parallel to the transport path and the scan direction. Alicrnati vcly. ilic ^> s;o::. ^: 1:1:1 , 
he designed to scan bills along their h)ng diinensinn 01 aioiii: a skewed iiiiucu^iu::. as ;i 

15 bill 257 moves on the transpon path on the scanncad 2()0. the cohcrcni iitim su u; 25i^ 
effectively scans the bill across the narrow (hincssioii <»! ihc i:: - . 
depicted, the transport path is so arranged that a currency bill 257 is scanned b>' scanhcad 
260 approximately about the central section of the bill along its narrow dimension, as 
best shown in FIG. 15. The scanhead 260 functions to detect light reflected from the bill 

20 as it moves across the illunninated light strip 258 and to provide an analog l eprcscniaiioii 
of the variation in light so reflected which, in turn, represents the variation in the dark 
and light content of the printed pattern or indicia on the surface of the bill. Tins variation 
in light reflected from the narrow dimension scanning of the bills serves as a measure for 
distinguishing, with a high degree of confidence, among a plurahty of currency 

25 denominations which the discrimination and authentication unit of this invention is 
programmed to handle. 

A series of such detected reflectance signals are obtained acrt)ss the narrow 
dimension of the bill, or across a selected segment thereof, and the resulting analog 
signals are digitized under control of the CPU 272 to yield a fixed number or digital 

30 reflectance data samples. The data samples are then subjected to a digitizing process 
which includes a normalizing routine for processing the sampled data for improved 
correlation imd for smootliing out variations due to "contrast" fluctuations in the printed 
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pattern existing on the bill surface. The normalized reflectance data so diLZiti/.c;! 
represents a characteristic pattern that is fairly unique for a given bill dcnom'iuiiiun :\r.d 
provides sufficient discinguishing features heiwccii cn:u;icieri^iiL luiiic;;;,. i.-. ... u:[t: 
currency denominations. This process is more luily cxi)uiincd in I'micJ Suii^.-s . .acni 
5 application Serial No. 07/885,648. filed on Miiv i9. \'}'}2. now iSSK.M ..s \ M;iiL'> 
Patent No. 5,295,196 for "Method and Apparatus for Currency Discrimuiaiion and 
Counting," which is incorporated herein by reference in its entirety. 

In order to ensure strict correspondence be(ween reflectance samples » fiManied in 
narrow dimension scanning of successive bills, the initiation of the rctlccuu;. j s;;in!>i!!ii: 

10 process is preferably controlled through the CPU 272 by means of an opiicai ciu.irUL:: 278 
which is linked to the bill transpon mechanism 256 and precisely tracks the physical 
movement of the bill 257 across the scanheads 260 and 262. More speciiically, ihe 
optical encoder 278 is linked to the rotary motion of the drive motor which generates the 
movement imparted to the bill as it is relayed along the transpon path. In addition, the 

15 mechanics of the feed mechanism (not shown, see United States Patent No. 5,295,196 
referred to above) ensure that positive contact is maintained between the bill and the 
transpon path, particularly when the bill is being scanned by scanheads 260 and 262. 
Under these conditions, the optical encoder 278 is capable of precisely tracking the 
movement of the bill 257 relative to the light strip 258 generated by the scanhead 260 by 

20 monitoring the rotary motion of the drive motor. 

The output of photodetector 268 is monitored by the CPU 272 to initially detect 
the presence of the bill underneath the scanhead 260 and, subsequently, to detect the 
starting point of the printed pattern on the bill, as represented by the thin borderline 257a 
which typically encloses the printed indicia on currency bills. Once the borderline 257a 

25 hiLs been delected, the optical encoder 278 is used to control tiie timing and number of 
reflectance samples that are obtained from the output of the photodetector 268 as the bill 
257 moves across the scanhead 260 and is scanned along its narrow dimension. 

The detection of the borderline 257a serves as an absolute reference point for 
initiation of sampling. If the edge of a bill were to be used as a reference point, relative 

30 displacement of sampling points can occur because of the random manner in which the 
distance from the edge to the borderline 257a varies from bill to bill due u> :;::;;:ivc!y 
large range of tolerances permitted during printing and cuuing of currency :>iii:.. . .s ;i 
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result, ii becomes difficult lo establish direct concspondcnce between s:iriipic ih^hhs in 
successive bill scans and the discriniinatioti efficiency is adversely affected. 
Embodiments triggering off the edge of the bill are discussed above, for example, in 
connection with FIGs. 5a and 5h. 
5 The use of the optical encoder 278 for controlling the sampling process relative to 

the physical movement of a bill 257 across the scanhead 260 is also advantageous in that 
the encoder 278 can be used to provide a predetermined delay following detection of the 
borderline prior to initiation of samples. The encoder delay can be adjusted in such a 
way that the bill 257 is scanned only across those segments along its narrow dimension 
1 0 which contain the most distinguishable printed indicia relative to the different currency 
denominations. 

The optical sensing and correlation technique arc similar to thai describee: in 
connection with FIG. 4a and the description made in connection with FIG. 4a i.s 
applicable to FIG. 5. 

15 As a result of the first comparison described above based on the rellecied light 

intensity information retrieved by scanhead 260. the CPU 272 will have either 
determined the denomination of the scanned bill 257 or determined that the first scanned 
signal samples fail to sufficiently correlate with any of the sets of stored intensity signal 
samples in which case an error is generated. Provided that an error has not bcer» 

20 generated as a result of this first comparison based on reflected light intensity 

characteristics, a second comparison is performed. This second comparison is performed 
based on a second type of characteristic information, such as alternate reflected light 
properties, similar reflected light properties at alicrnare locations of a bilL liiitu 
transmissivity properties, various magnetic properties of a bill, the presence of a .security 

25 thread embedded within a bill, the color of a bill, the thickness or other dimension of a 
bill, etc. The second type of characteristic inroriiiation is retrieved from a scannua i)ili hv 
the second scanhead 262. The scanning and processing by scanhead 2C)2 
controlled in a manner similar to that described :inove with regard to se:iii:Kt;ui i'.ji) 

In addition to the sets of stored first characteristic informaiion." in liiis exaiuple 

30 stored intensity signal samples, the EPROM 280 stores sets oi stored scct^na 

characteristic information for genuine bills of tiic difreieni dciiotninaiuiMr. 'xm^w mil- 
system 250 is capable of handling. Based on the denomination indicated by the first 
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comparison, the CPU 272 retrieves the set or sets of stored second characteristic data tor 
a genuine bill of the denomination so indicated and compares the retrieved informadon 
with the scanned second characteristic information. If sufficient correlation exists 
between tiie retrieved information and the scanned infonnation, the CPU 272 verifies the 
5 genuineness of the scanned bill 257. Otherwise, the CPU generates an error. While the 
embodiment illustrated in FIG. 15 depicts a single CPU 272 for making comparisons of 
first and second characteristic information and a single EPROM 280 for storing first and 
second characteristic information, it is undersiood thai two tir more CPUs uiui/ur 
EPROMs could be used, including one CPU for makmg first characteristic intormaiion 

10 comparisons and a second CPU for making second characteristic iru'ormanon 
comparisons- 
Using the above sensing and correlation approach, the CPU 272 is proi^rammeci 
to count the number of bills belonging to a particular currency denomination whose 
genuineness has been verified as part of a given set of bills that have been scanned for a 

1 5 given scan batch, and to determine the aggregate total of the currency amount represented 
by the bills scanned during a scan batch. The CPU 272 is also linked lo an output unit 
282 which is adapted to provide a display of the number of genuine bills counicd. the 
breakdown of the bills in terms of currency denomination, and the aggrcL-iiL' loi;:: [hv 
currency value represented by ctninicd hills. The ouipui unii 282 can ais*' in .i = 

20 provide a print-out of the displayed information in a desired format. 

The interrelation between the use of the first and second type of characteristic 
information can be seen by considering FIGs. 16a and 16b which comprise a flowchart 
illustrating the sequence of operations involved in iinplcfncnunii a diSLi : jjui 

authentication unit according to one embodiment of the present inveni:on. i :;oi. 

25 initiation of the sequence of operations (step 288 1, rellccicd liiihi mirnsiiv mu m !!:::!; >!: : ; 
retrieved from a bill being scanned (step 290). Similaiiy, second charactCMsiic 
information is also retrieved from the bill being scanned (step 292). Denoininanon em^* 
and second characterisdc error flags are cleared (steps 293 and 294). 

Next the scanned intensity infonnation is compared to each set of stored intensity 

30 information corresponding to genuine bills of all denominations the system i s 

programmed to accommodate (step 298). For each denomination, a correlation number 
is calculated. The system then, based on the correlation numbers calcuhued. (tct.vnMncs 
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either ihc denomination of the scanned bill or generates a denomination error by scuing 
the denomination error flag (steps 300 and 302). In the case where the denomination 
error flag is set (step 302), the process is ended (step 312). Alternatively, if based on this 
first comparison, the system is able to determine ihe clcniuninaiion nt (he sv;;ii:m ;: 
5 the system proceeds to compare the scanned second characteristic information \\ i\n the 
stored second characteristic information corresponding to the denominan{)n cictennined 
by the first comparison (step 304). 

For example, if as a result of the first comparison the scanned bill is dcicrmincd 
to he a S20 bill, the scanned second characteristic information is compared to the stored 

10 second characteristic information corresponding to a genuine $20 bill. In this manner, 
the system need not make comparisons with stored second ciiaracicrisuL- inmrni.ii .on ini 
the other denominations the system is programmed lo accommodaic. 1: n.-c.i .ni 
second comparison (step 304) it is determined ili;u ihe scanncil socomi cn;i; ■ : u- 
information does not sufficiently match that of 'A\c siorcil second characjcristiL- 

15 information (step 306), then a second characierisiic cvwn is gcnc'raicd ii\ sciiiriL' inc 
second characteristic error flag (step 308) and the process is ended (step 312). If the 
second comparison results in a sufficient match between the scanned and stored second 
characteristic information (step 306), then the denomination of the scanned bill is 
indicated (step 310) and the process is ended (step 312). 



i Table 1 


Denomination 


Sensitivity 




1 


2 


3 


4 


5 


$1 


200 


250 


300 


375 


450 


$2 


100 


125 


150 


225 


300 


$5 


200 


250 


300 


350 


400 


$10 


100 


125 


150 


200 


250 


$20 


120 


150 


180 


270 


360 


$50 


200 


250 


300 


375 


450 


$100 


100 


125 


150 


250 


350 



20 An example of an interrelationship between authentication based on a first and 

second characteristic can be seen by considering Table 1. Table 1 depicts relative total 
magnetic content thresholds for various denominations of genuine bills. Columns 1-5 
represent varying degrees of sensitivity selectable by a user of a device employing the 
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present invention. The values in Table 1 are set based on tiie scanning of genuine hili.s o: 
varying denominations for total magnetic content and setting required thrcsiioias ()a>cci 
on the degree of sensitivity selected. The information in Table 1 is based on \\\c louil 
inagnetic content of a genuine $1 being 1000. 'i'he lollowing discusMo:. , 
5 sensitivity setting of 4. In this example it is assumed thai magnetic conk-ni rcpivsiMiis 
second characteristic tested. If the comparison of first characteristic intbrmanon, such as 
reflected light intensity, from a scanned billed aiid stored information ronvsiv •!; . mi.j 
genuine bills results in an indication that the scanned biil is a SK) Jcnwjiii...... : 

total magnetic content of the scanned bill is compared to the total magiieuL Li;:uc:u 

10 threshold of a genuine .$10 bill, i.e., 200. H'die maiineiK: cuinent oi Uu- svainiLM in 
less than 200, the bill is rejected. Otherwise it is acccpicd as a SIO bt!l. 

According to another feature of the present invention, ilie dotibiuig or ov vriapprng 
of bills in the transport system is detected by the provision of a pair of optical sensors 
which are co-linearly disposed opposite to each other within the scan head area along a 

15 line that is perpendicular to the direction of bill flow, i.e., parallel to the edge of test bills 
along their wide dimensions as the bills are transported across the optical scan head. The 
pair of optical sensors S 1 and S2 (not shown) are co-linearly disposed within the scan 
head area in close parallelism with the wide dimension edges of incoming test bills. In 
effect, the optical sensors S I and S2 (having corresponding light sources and 

20 photodcicctors - not shown) arc disposed opposite each other along a line wiihm the scan 
head area which is perpendicular to the direction of bill flow. These sensors S 1 and S2 
serve as second detectors for detecting second characteristic information, namely density. 

Although not illustrated in the drawings, it should be noted thai corrcs|x')riding 
photodeiectors (not shown) are provided within the scanhcad area in immediate 

25 opposition to the corresponding light sources and underneath the flat section of the 
transport path. These detectors detect the beam of coherent light directed downwardly 
onto the bill transport path from the light sources corresponding to the sensors S 1 and S2 
and generate an analog output which corresponds to the sensed light. Each such output is 
converted into a digital signal by a conventional ADC converter unit (not shown) whose 

30 output is fed as a digital input to and proces.sed by the system CPU (not shown), in a 
manner similar to that indicated in the arrangement of FIG, 15. 
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The presence of a bill which passes umicr the sensors S 1 and S2 causes a change 
in the intensity of the detected light, and the corresponding change in the analog output 
of the detectors serves as a convenient means for density-based measurements I'm 
detecting the presence of "doubles" (two or more overlaid or overlapped b\:>: j:.: 
5 currency recognition and counting process. For instance, the sensors may he used lo 
collect a predefined number of density measurements on a test bill, and the average 
density value for a bill may be compared to predetermined density thresholds (based, for 
instance, on standardized density readings for master bills) to determine the presence of 
overlaid bills or doubles. The above sensors and doubles detection technique is 

10 described in more detail in United States Patent No. 5,295,196 which is incorporated 
herein by reference. 

A routine for using the outputs of the two sensors S 1 and S2 to delect any 
doubling or overlapping of bills is illustrated in FIG. 17. This routine uses a 
detemiination of the denomination of a bill based on first characteristic in formal ion to 

15 streamline doubles detection wherein second characteristic informauon corresponds lo 
the density of scanned bills. This routine starts when the denomination of a scanned bill 
has been determined via comparing first characteristic information at step 40 1, as 
described previously. To permit variations in the sensitivity of the density measurement, 
a "density setting choice" is retrieved from memory at step 402. The operaior makes this 

20 choice manually, according to whether the bills being scanned are new hills, rctjuiring a 
higher degree of sensitivity, or used bills, requiring a lower level of sensitivity. After the 
"density setting choice" has been retrieved, the system then proceeds through a scries of 
steps which establish a density comparison value according to the denomination of the 
bill. Thus, step 403 determines whether the bill has been identified as a $20-bill, and if 

25 the answer is affirmative, the $20-bill density comparison value is retrieved from 

memory at step 404. A negative answer at step 443 advances the system lo sU'- to 
determine whether the bill has been identified as a SI 00- bill, ami iMIic :ii;nv\a': [.^ 
affirmative, the $lOO-bill density comparison vaiuc is rciricveci noni incir.urs lu siv;) aji'. 
A negative answer at step 405 advance;; the sysicm to siop 407 whore a L? jiicv:ii tic:isiiy 

30 comparison value, for all remaining hill denoinmaiions. i.s tctncvcu i:u::iu) 

At step 408, the density comparison value retrieved at step 404, 406 or 407 is 
compared to the average density represented by Uie output of sensor SI. The rtsuh of 
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this comparison is evaluated at step 409 to determine whether the output of sensor S 1 
identifies a doubling of bills for the particular denomination of bill determined at step 
401 . If the answer is negative, the system returns to the main program. If the answer is 
affirmative, step 410 then compares the retrieved density comparison value to the 
5 average density represented by the output of the second sensor S2. The result of this 
comparison is evaluated at step 41 1 to determine whether the output of sensor S2 
identifies a doubling of bills. Affirmative answers ai boih step 409 and sicp 4 I ! rcsuiis 
in the setting of a "doubles error" flag at step 412, and the system then rciiu ns lo the 
main prograrn. The above doubles detection routine is described in more ileiiti! in United 

10 States Patent No. 5,295,196 which is incorporated herein by reference. While the routine 
described above uses second characteristic information (density) m) detect cloittM;.»s. ilic 
above routine may be modified to authenticate bills based on tlieir density, for cxaiiiple in 
a manner similar to that described in connection with Table I. 

Referring now to FIGs. 18a-18c. there is shown a side view of one embodiment 

15 of a discrimination and authentication unit according to the present invention, a top view 
of the embodiment of FIG. 18a along the direction 18B, and a top view of the 
embodiment of FIG, 18a along the direction 18C, respectively. An ultraviolet ("UV") 
light source 422 illuminates a document 424. Depending upon the characteristics of the 
document, ultraviolet light may be reflected off the document and/or fluorescent iighi 

20 may be emitted from the document. A detection system 426 is positioned so us to receive 
any light reflected or emitted toward it but not to receive any UV light directly i'lxnu the 
light source 422. The detection system 426 comprises a U V sensor 42iS. ii ihiori S.:cncc 
sensor 430, filters, and a plastic housing. The light source 422 and mc dcicjtion s;,Nicrn 
426 are both mounted to a printed circuit board 432. The <k)cuineni A'lA :s :i:;i:s;AM icc! in 

25 the direction indicated by arrow A by a transpori system (not shown). Tlic jocumcni i.s 
transported over a transport plate 434 which has a rccuinizuhir opcnuvj -i Mi :n :! • > rx-rmii 
passage of light to and from the document. In one embodiment of the preseiu invention, 
the rectangular opening 436 is 1.375 inches (3.493 cm) by 0.375 inches (0.953 cm). To 
minimize dust accumulation onto the light source 422 and the detection system 426 and 

30 to prevent document jams, the opening 436 is covered with a transparent U V iransniiiiing 
acrylic window 438. To further reduce dust accumulation, the UV light source 422 and 
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the detection system 426 are compleieiy encioseti within a housing (not shown) 
comprising the transport plate 434. 

Referring now to FIG. 19, there is shown a functional block diaeniiii ilUisiiniing 
one embodiment of a discrimination and autheniication unit according lo mc prcscni 
5 invention. FIG. 19 shows an UV sensor 442. a tluorescence .sensor 444. aiul :iiu':s 446. 
44K of a detection system such as the detection system 426 of FIG. 4ll Lii:ni ihc 
document pas.ses through the fihers 446, 448 before .strikmg the sensors 442. 4-:^. 
respectively. An ultraviolet filter 446 filters out visible light and permits U V iii:ni to he 
transmitted and hence to strike UV sensor 442. Similarly, a visible light filter 448 filters 

10 out UV light and permits visible light to be transmitted imd hence to strike lluorescence 
sensor 444. Accordingly, UV light, which has a wavelength below 400 nm. is [-HL-vcmeii 
from striking the fluorescence sensor 444 and visible light, which has a winTienetn 
greater than 400 nm, is prevented from striking the UV sensor 442. In one ep-il-i^.iiniciu 
the UV filter 446 transmits light having a wavelength IxMwecn about 2i^i) lir..: aoo;:: 

15 380 nm and has a peak iransmittance at 360 uni. in one cmbodimciii. tnc mmiu/ r.iiiw 
filter 448 is a blue filter and preferably tran.smiis light having a wavelengih bcnwccn 
about 415 nm and about 620 nm and has a peak transmittanee at 450 nm. The above 
preferred blue filter comprises a combination of a blue component filler and a vriiow 
component filter. The blue component filler tran limits iii^iu iiavini: a w a\ Lie;i;j::. 

20 between about 320 nm and about 620 nm and has a peak transmittanee :ii -i.Si i r.:.. I'i;.. 
yellow component filter transmits light having a wavelength between ahcnti l i ^. and 
about 2800 nm. Examples of suitable fihers arc UGI (UV filter), BG23 (1)1ul- lKIn•Jpas.^ 
filter), and GG420 (yellow longpass filter), all manufactured by Sciiott. In one 
embodiment the filters are about 8 mm in diameter and about 1.5 mm thick. 

25 The UV sensor 442 outputs an analog signal proportional to the amount of light 

incident thereon and this signal is amplified by amplifier 450 and fed to a microcontroller 
452. Similarly, the fluorescence sensor 444 outputs an analog signal proportional to the 
amount of light incident thereon and this signal is amplified by amplifier 454 and fed to a 
microcontroller 452. Analog-to-digital converters 456 within the micfoconiroiicr 452 

30 convert the signals from the amplifiers 450, 454 lo digital and these digital signals are 
processed by the software of the microcontroller 452. The UV sensor 442 may be, for 
example, an ultraviolet enhanced photodiode sensitive to light having a wavelength of 
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about 360 nm and the fluorescence sensor 444 may be a blue enhanced phoiouiuuc 
sensitive to light having a wavelength of about 450 nm. Such photodiodes arc available 
from, for example, Advanced Pholonix, Inc., Massachusetts. The microcontrolL-r 452 
may be, for example, a Motorola 68HC16. 
5 The exact characteristics of the sensors 442, 444 and the fillers 446, 44X 

including the wavelength transmittance ranges of the above filters are not as critical to 
the present invention as the prevention of the flutirescencc sensor froir. iut.: : 
output signal in response to ultraviolet light ami the ultravtuict sensor wuD: l.*. ai: 
output signal in response to visible light. For example, instead oi'. or in :ui:i:'.;n:i 

10 filters, a authentication system according lo ilie pieseii! inveniion ituiy empluy :\\) 

ultraviolet sensor which is not responsive lo iigir. hjvini: a vva\'cicngii) loniici Ui.»i; 4f jtJ 
nm and/or a fluorescence sensor which is not responsive to light having a wavelength 
shorter than 400 nm. 

Calibration potentiometers 458, 460 permit the gains ol amplifiers 450, 454 m be 

15 adjusted to appropriate levels. Calibration may be performed by positioning a piece ui 
white fluorescent paper on the transport plate 434 so that it completely covers the 
rectangular opening 436 of FIG. 4a. The potentiometers 458, 460 may then be adjusted 
so that the output of the amplifiers 450, 454 is 5 volts. Alternatively, calibration may be 
performed using genuine currency such as a piece of genuine U.S. currency. 

20 Potentiometers 458 and 460 may be replaced with electronic potentiometers located, for 
example, within the microcontroller 452. Such electronic potentiometers may permit 
automatic calibration based on the processing of a single genuine documeni or ;i pkiraliiy 
of documents as will be described below. 

The implementation of one embodiment of a discrimination and authentication 

25 unit according to the present invention as illustrated in FIG. 19 with respect to the 

authentication of U.S. currency will now be described. As discussed above, it has been 
determined that genuine United States currency reflects a high level of ultraviolet light 
and does not fluoresce under ultraviolet illumination. It has also been determined that 
under ultraviolet illumination counterfeit United States currency exhibits one of ihc four 

30 sets of characteristics listed below: 

1) Reflects a low level of ultraviolet light and fluoresces; 

2) Reflects a low level of ultraviolet light and does not fluoresce; 
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3) Reflects a high level of ultravioki i'l^in iinci fluoresces; 

4) Reflects a high level of ultraviolet light and does not fluoresce 
Counterfeit bills in categories (1) and (2) may be detected by a cL:rrcn:*\ ^ r. 
employing an ultraviolet light, reflection test according io owe enuuKiiinc;;; 

5 invention. Counterfeit bills in categorj' (3) may he dcicctcd by a currency auihcniicaior 
employing both an ultraviolet reflection test and a rUu)iescence lesi acnirUMiL' u> aninner 
embodiment of the present invention. Only counterfeits in category [4 ) arc .:j\ccied 
by the authenticating methods of the present invention. 

According to one embodiment of the present invention, fluorescence is 

10 determined by any signal that is above the noise floor. Thus, the amplified fluorescent 
sensor signal 462 will be approximately 0 volts for genuine U.S. currency and will vaiy 
between approximately 0 and 5 volts for counterfeit bills depending upon iheir 
fluorescent characteristics. Accordingly, an authenticating system according to one 
embodiment of the present invention will reject bills when signal 462 exceeds 

15 approximately 0 volts. 

According to one embodiment of the discrimination unit, a high level of reflected 
UV light ("high UV") is indicated when the amplifled UV sensor signal 464 is above a 
predetermined threshold. The high/low UV threshold is a function of lamp intensity and 
reflectance. Lamp intensity can degrade by as much as 50% over the life of the lamp and 

20 can be further attenuated by dust accumulation on the lamp and the sensors. The 
problem of dust accumulation is mitigated hy enclosing the lamp and sensors in ;i 
housing as discussed above. An authenticating system according to one cmbudimcni of 
the present invention tracks the intensity of the UV light source and readjusts the 
higli/low threshold accordingly. The degradation of the UV light source may be 

25 compensated for by periodically feeding a genuine bill into the system, sampling the 
output of the UV sensor, and adjusting the threshold accordingly. Alternatively, 
degradation may be compensated for by periodically sampling the output of the U V 
sensor when no bill is present in the rectangular opening 436 of the iransinn i nlati- 
Tt is noted that a certain amount of UV light is always reflected off the ac: vIk- \v;:. J.iw 

30 438. By periodically sampling the output of the tJV sensor wiicn no bin is picsciit. mc 
system can compensate for light source degradation. Furthermore, such sampling could 
also be used to indicate to the operator of the system when the ultraviolet light source has 
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burned out or otherwise requires replacement. This may be accompiishcd, for example, 
by means of a display reading or an illuminated light emitting diode ("LED"). The 
amplified ultraviolet sensor signal 464 will initially vary between 1 .0 and 5.0 volts 
depending upon the U V reflectance characteristics of the document being scanned and 
5 will slowly drift downward as the light source degrades. In an alternative embodiment to 
one embodiment wherein the threshold level is adjusted as the light source degrades^ the 
sampling of the UV sensor output may be used to adjust the gain of the amplifier 450 
thereby maintaining the output of the amplifier 450 at its initial levels. 

it has been found that the voltage ratio between counicrfcii and genuine L.S. bills 

10 varies from a discernible 2-to- 1 ratio to a non-discernihie ratio. According! to one- 
embodiment of the present invention a 2-io-I racio is used to discriminate between 
genuine and counterfeit bills. For example, if a genuine U.S. bill generates an amplified 
UV output sensor signal 464 of 4.0 volts, documents generating an amplified UV output 
sensor signal 464 of 2.0 volLs or less will be rejected as counterfeit. As descrritu ii ;ib<)ve. 

15 this threshold of 2.0 volts may either be lowered as the light source degrades or livj gain 
of the amplifier 450 may be adjusted so that 2.0 volts remains an appropriate threshold 
value. 

The determination of whether the level of UV reHecled off a documeni is high or 
low is made by sampling the output of the UV sensor at a number of intervals, averaging 

20 the readings, and comparing the average level with the predetermined high/low threshold. 
Alternatively, a comparison may be made by measuring the amount of UV lii^ht icilcctcd 
at a number of locations on the bill and comparing these mcasiircn^enis wm! ; 
obtained from genuine bills. Alternatively, the output of one or more I'V . ik- 

processed to generate one or more patterns of rciieLicd I'V ii<:iM ana uw>.^ ;.>ai;c: ;:;. , 

25 be compared to the patterns generated by genuine Such ;i paneni ;'cmc! ain m aiui 

comparison technique may be performed by modifying :in opr.icai paiicr:* ic:i;:iu:..-,: sujh 
as that disclosed in United States Pal. No. 5,295,196 incoiporaied herein by reference in 
its entirety or in United States patent application Serial No. 08/287.882 filed .Aui^u>t 9. 
1994 for a "Method and Apparatus for Documeni Identification." incornt^raie:: iier -m v\- 

30 reference in its entirety. 

The presence of fluorescence may be performed by sampling the output ui ihc 
lluorescence sensor at a number of intervals. However, in one embodiment, a biii is 
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rejected as counterfeit U.S. currency if any of the sampled outputs rise above the noise 
floor. However, the alternative methods discussed above with respect to proccssine ilic 
signal or signals of a UV sensor or sensors may also lie employed, cm);.\ i;;:; . \. :; ; ;t ':r-. 
to currencies of other countries or other types oi" documents which m;iy cmpiov :ts 
5 security features certain locations or paiienis of nuoresceni riuiierials. 

The present invention may include means, such as a display, lo iiKii(. atc lo the 
operator the reasons why a documeni has been ixiieciecl. c.i:,, messaizcs sucn as i = V 
FAILURE" or "FLUORESCENCE FAILURE." The present invention may also pei nni 
the operator to selectively choose to activate or deactivate either the UV reflection test or 

10 the fluorescence test or both. A currency authenticating system according to u\c rirescm 
invention may also be provided with means for adjusting the sensitivities of ihc U V 
reflection and/or fluorescence test, for example, by adjusting the rcspeciive thresholds. 
For example, in the case of U.S. currency, a system according to the present invention 
may permit the higli/low threshold to be adjusted, for example, either in ahsohiu- v(»li:ii!f 

15 terms or in genuine/suspect ratio terms. 

The UV and fluorescence authentication test may be incoqioraied inio various 
document handlers such as currency counters and/or currency denomination 
discriininators such as that disclosed in connection \\iu\ hid. !3 and I ' S i -le :: nm. 
5,295,196 incorporated herein by reference in its entirety. Likewise, tivj :n;;L:!Vji:;- 

20 authentication tests described above nwiy likcvvi.se he tncorpnraied \\\ scch . ;:iin!L ;s 
and/or discriminaiors. In such systems, calibration nui\ be performed tiy prvicc.NSiiiL: ;i 
slack of genuine documents. An example ol a ineihoti nl ciilihraiinii sul m a .!e\ 
now be discussed. 

As mentioned above, the acrylic window 438 reflects a certain amount of U V 
25 light even when no bill is present. The amount of UV light reflected in the ai->sence o( 
bills is measured. A stack of genuine bills may then be processed with the poteniiomcier 
458 set to some arbitrary value and the resulting UV readings averaged. The difference 
between the average reading and the reading made in the absence of bills may then be 
calculated. The potentiometer 458 may then be adjusted so that the average reading 
30 would be at least 0.7 volts greater then the no bill reading. It is also desirable to adjust 
the potentiometer 458 so that the amplifier 450 operates around the middle of its 
operating range. For example, if a reading of 1 .0 volt results when no bills are present 



wo 98/47100 



PCTa?S98/07443 



and an average reading 01*3-0 volts results when :i stack ofi^enuinc bills :i;v ^ ■^<c.!. 
the resulting difference is 2,0 volts which is grcaicr than 0.7 volts. l-lo\v-\ c: . ii ; . 
desirable for the amplifier to he operating in the range of about 2.0 lu 2.,"^ voas and 
preferably at about 2.0 volts. Thus in the above example, the potentiometer 458 may be 
5 used to adjust the gain of the amplifier 450 so that an average reading of 2.0 volts would 
result. Where potentiometer 458 is an electronic potentiometer, the gain of ihc .unplificr 
450 may be automatically adjusted by the microcontroller 452. in general, wncti iiic 
average reading is too high the potentiometer is adjusted to lower the result:::;:: ■ :ai:-s i- . 
the center of the operating range of the amplifier and vicj versa whcii . ; r.';'.;::r.: 
10 is too low. 

According to another embodiment ot ihc present uivcniion. mc opcia:.): or a 
document processing system is provided with the ability to adjust the sensitivity i>f a IJV 
reflection test, a fluorescence test, and a magnetic test. For example, a note counter 
embodying one embodiment of the present invention may provide the ddci.u. : ab-iir. 

15 to set the authentication tests to a high or a low sensitivity. For cxampic, luc :\ow 
counter may be provided with a set up mode whicii enables the operator lo aciiust the 
sensitivities for each of the above tests for both the high and the low modes. This may be 
achieved through appropriate messages being displayed on, for example, display 282 of 
FIG. 15 and the input of selection choices via an input device such as a keyboard or 

20 buttons. In one embodiment, the device permits the operator to adjust the UV test, the 
fluore.scent test, and the magnetic test in a range of sensitivities 1 • 7, with 7 being the 
most sensitive, or to turn each test off. The device permits setting the sensiiiviiy as 
described above for the three authentication tests for both a low sensitivity (low 
denomination) mode and a high sensitivity (high denomination) mode. The above setting 

25 options are summarized in Table 2. 



Table 2 


Mode 


UV Test Sensitivity 


Fluorescent Test 
Sensitivity 


Magnetic Test 
Sensiiiviiy 


High 


off, 1-7 


off, 1 -7 


off. 1-7 


Low 


off, 1-7 


off, 1-7 


off. 1-7 
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According to an alternate embodiment, the above high/low modes :iie refilacecl 
with denomination modes, for example, one for each of several dcnominaiions oi 

currency (e.g., $1, $2, $5. $10, $20, $50 and SlOO). For each deiuMii:n;.;u 

sensitivity of the three tests may be adjusted bciweeii 1 -7 ai off. AccujaiiiL: :^' .'lie 
5 embodiment for operator manually selects cither the hiirh or low mode or ihc appropriate 
denomination mode biised on the values ol'ihe notes to he processed. This ni:i:u:;il fiiodc 
selection system may be employed in, for example, either a note counter or a currency 
denomination discriminator. According to another embodiment the document processing 
system automatically selects either the high or low mode or the appropriate denomination 

10 mode based on the values of the notes being processed. This automatic mode selection 
system may be employed in systems capable of identifying the different values or kinds 
of documents, for example, a currency denomination discriminator. 

Accordingly, in the low mode or for low denomination modes (e.g., $ 1, $2) the 
three tests may be set to relatively low sensitivities (e.g., UV test set at 2, fluorescent test 

15 set at 5. and magnetic te.st set at 3). Conversely, in the high mode or for high 
denomination modes (e.g., $50, SlOO) the three tests may be set to relatively high 
sensitivities (e.g., UV test set at 5, fluorescent test set at 6, and magnetic test set at 7). In 
this way, authentication sensitivity may be increased when processing high vaicic notes 
where the potential harm or risk in not detecting a couniericit may be greater and may he 

20 decreased when processing low value notes where the potential harm or risk in not 

detecting a counterfeit is lesser and the annoyance of wrongly rejecting genuine notes is 
greater. Also the UV, fluorescent, and/or magnetic characteristics of gcnumc notes can 
vary due to number of factors such wear and tejir or whether the note has been washed 
(e.g., detergents). As a result, the fluorescent detection of genuine U.S. currency, for 

25 example, may yield readings of about 0.05 or 0.06 volts. 

The UV and fluorescent thresholds associated with each of the seven sensitivity 
levels may be set, for example, as shown in Table 3. 
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Table 3 


Sensitivity Level 


UV Test (Volts) 


Fluorescent Test (VoliM 


1 


0.2 


0.7 ; 


2 


0.3 


0.6 


3 


0.4 


0.5 


4 


0.5 


0.3 


5 


0.55 


0.2 


6 


0.6 


0.15 


7 


0.7 


0.1 



In performing the UV test according to one embodiment, the no bill reflecmnce value is 
subiracted from resulting UV reflectance voltages associated with the scanning of a 
particular bill, and this difference is compared against the appropriate threshoici value 
such us those in Table 3 in determining wheiiier to reject a bill. 
5 According to one embodiment, the potentiometer 460 associated with the 

fluorescence detector 204 is calibrated by processing a genuine note or stack of notes, as 
described above in connection with the calibration of the UV detector, -Mid liihiisicd so 
that a reading of near 0 volts (e.g., about 0. 1 volt ) results. Magnetic calibration may he 
performed, for example, manually in conjunction with the processing of a genuine bill of 
10 known magnetic characteristics and adjusting ilie magnetic sensor to near liic Lciiicr oi us 
range. 

Upon a bill failing one or more of the above tests, an appropriate error message 
may be displayed such as "Suspect Document U--" for failure of the UV reflection test, 
"Suspect Document -F-" for failure of the fluorescent test, "Suspect Document -M" lor 
15 failure of the magnetic test, or some combination thereof when more than one tcsi is 
failed (e.g., "Suspect Document UF-" for failure of both the UV relleciion .nn: ilic 
fluorescent test). 

New security features arc being added to U S. currency bei!inniM;; w-t. ih. 
series S HJO bills. Subsequently, similar features will be added to other U.S. 

20 denominations such as the $50 bill $20 bill, etc. Some of the new security features 

include the incorporation into the bills of security threads that fluoresce under niiravioloi 
light. For example,. the security threads in the 1996 series $!()() bills em^ .i :v.: 'w- 
when illuminated by ultraviolet. The color of light illuminated from set ;u :i\ :;,i e:.:!.\ 
under ultraviolet light will vary by denominaiiun. for cxainpic, witii the .ri ; i.iJi.-s 

25 emitting red light and the $50 notes emitting, for example, blue light or ptiipie iiiiin. 
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Additionally, the location of the thread within the bill can be used as a security 
feature. For example, the security threads in all SlOO bills are located in the same 
position. Furthermore, the location of the security threads in other denoiniiKiiions will he 
the same by denomination and will vary among several denominations, i-ur c\:inipie. ihc 
5 location of security threads in SlOs. S20s. $50, and SlOO may all be disuncL 

Aiiernaiively, the locaiinn may he ihe same in Uic S20s :ind ihe SMJOs Inu i!i!ic: j::i inun 
the location of the security threads in the S50s. 

The ultraviolet system described above in connection with FIGs. 18 and 19 may 
be modified to take advantage of this feature. Referring to FIG. 20, a bill 330 is shown 

10 indicating three possible locations 332a - 332c for security threads m ^ciwiiw.- : 
depending on the denomination of the bill. Fluorescent light deteciors - 
positioned over the possible acceptable locations of fluorescing security liireacis. m 
systems designed to accept bills fed in either the forwai-d or the reverse direciion. 
identical detectors are positioned over the same locations on each half of the bill. For 

15 example, sensors 334c are positioned a distance dj to the left and right of the center of 
the bill 330. Likewise, sensors 334b are positioned a distance d6 to the left and right of 
the center of the bill 330 while sensors 334a are positioned a distance d: \o the \ :m<\ 
right of the center of the bill 330. Additional sensors may be added in cir. ;-,: -a: 
possible I bread locations. 

20 These sensors may be designed to dciLXi a (Kiriicuiar color ui liiiiw ^i^ fH ii.iniL' on 

tlieir localion. For example, say lucaiion XMb ; -.m rcspomis \<) Uv: loca'.io:! <<! .-n v 
threads in genuine $100 bills and location 332c corresponds to the location oi security 
threads in genuine $50 bills. Furthermore, if the security threads ir^ SlOO l)ill> ciuti red 
light under ultraviolet light excitation and the security threads in $50 bills emu r.ine liirh: 

25 under ultraviolet light excitation, then sensor 334b may he pnrticuiariy : l '. . : 

red light and sensor 334c may be designed to delect blue light. Such sensors may employ 
fdters which pass red and blue light, respectfully, while screening out light of other 
frequencies. Accordingly, for example, sensor 334h will respond to a security thread 
located at location 332b that emits red light under ultraviolet light excitation buL not to a 

30 security thread at location 332b that emits blue light. 

Sensors 334a - 334c may include separate sources of ultraviolet light or one or 
more separate ultraviolet light sources may be provided to illuminiiie the hill or portions 
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of the bill, either on the same side t)t*the bill as ihc >ensi.)is or on nie opposiiL' siaL- vji iiic 
bill. These sensors may be arranged along the smne axis or. aliern;tuvci\ . in:i\ ;x 
staggered upstream and downstream relative lo t:\ich oilier. Tfiese sensors uuu nr 
arranged all on the same side of the bill or some on one side of the bill and soiiie on tiie 
5 other. Ailematively, for one or more locations 332a - 332c sensors may he piaceci on 
both sides of the bill. This dual sided embodiment would be beneficial in dc.-ji::: - 
counterfeits made by applying an appropriate fluorescing material on the surface of :\ \vM. 
Alternatively, a combination of normal lighting and ultraviolet lightijig may be cui[)io> cd 
but at different times to detect for the presence of a colored line applied to the surface of 

10 a bill visible in normal lighting. According to such an embotlimeni, no colort-ii ii:rcad 
should be detected under normal lighting and an appropriate colored thread in an 
appropriate position must be delected under ultraviolet lighting. 

Additionally, the authentication technique described above \n i:ov\n^^i..::] w ni: 
FIGs. 18 and 19 may be employed in areas where no IliKirescine seeiirii;. tiiro:.vis :viigh; 

15 be located, for example, near the center of the biil. such that the deiectiui: oi :luo; -sccr.t 
light would indicate a counterfeit bill as would lite absence of a high levei oi reilecied 
ultraviolet light. 

Alternatively or additionally, sensors may be employed lo detect bills or security 
threads printed or coated with thermochromic materials (materials that change color with 

20 a change in temperature. Examples of threads incorporating thermochromic materials arc 
described in U.S. Pat. No. 5,465,301 incorporated herein by reference. For example, a 
security thread may appear in one color at ambient temperatures under transmitted light 
and may appear in a second color or appear colorless at or above an activation 
temperature or vice versa. Alternatively, bills may be printed and/or coated with such 

25 thermochromic materials. Such bills may or may not include security threads and any 
included security direads may or may not also be printed or coated with thermochromatic 
materials. To detect for the proper characteristics of bills containing such 
thermochromatic materials and/or containing threads employing such thennochromic 
materials, the above described embodiments may be altered to scan a bill at different 

30 temperatures. For example, a bill could first be scanned at ambient temperatures, and 
then be transported downstream where the temperature of the bill is raised to or above an 
activation temperature and scanned again at the higher temperature. Fur example. FIG. 
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20 could be modified to employ two sets of pairs of sensors 334a-c. one set dow nsiream 
of the other with the downstream sensors be located in a region where icnwwrAw.rc i , 
evaluated relative to the temperature of the region where the first set ol sensors ar-j 
located. A bill adjacent to the first and second scis of sensors 3?4:!-l* n!::v ; , 
5 eitlier witii visible lij^hl or ultraviolet light (i! tiic thennouhroiniL: r.iaicr..;! .v!;.'...;.n 
materials whose rluoresceni characteristics ai'.cr w nr. cinmgos iciupjim-l:: - . 
Accordingly, the presence of the appropriate culi>r or atisence of color may he dciecied 
for the different temperatures and the detected information may be used lo authenticate 
and/or denominate the bill. 

10 The magnetic characteristics of 1996 series $100 bills also mcorporaiJ aiiaiiionai 

security features. Referring to FIG. 21, several areas of the bill 340 arc printed using 
jTiagnetic ink, such as areas A-K. Additionally, in some aieas the strength of the 
magnetic field is stronger than it is in areas A-K. These strong areas of magnetics are 
indicated, for example, at 344a and 334b. Some areas, such as area 346 contain magnetic 

15 ink that is more easily detected by scanning the bill along one dimension of the bill than 
the other. For example, a strong magnetic field is detected by scanning over area 346 in 
the long or wide dimension of the bill 340 and a weak field is. detected by scanning area 
346 in the narrow dimension of the bill 340. The remaining areas of the bill are printed 
with non-magnetic ink. 

20 vSorne of the.se magnetic characteristics vary by denomination. For cxaiitplc. in a 

new series $50 note, areas A\ B\ C\ E\ F\ G' and K' may be primed with niagnciic ink 
and areas 354a and 354b may exhibit even stronger magnetic characteristics. 
Accordingly, the non-magnetic areas also vary relative to the $100 bill. 

The use of magnetic ink in some areas of bills of one lienonnnaiion .inu in odier 

25 areas of bills of other denominations is referred to as magnetic zone priniini:. 

Additionally, magnetics arc employ as a security feature by using ink exhibiiing magnetic 
properties in some areas and ink that does not exliibit magnetic properties in adjacent 
areas wherein both the ink exhibiting and the ink not exhibiiing magnetic properties 
appear visually the same. For example, the upper left-hand numericaMOO appears 

30 visually to be printed with the same ink. Nonetheless, the "10" are printed with ink not 
exhibiting magnetic properties while the last "0" is printed with ink thai does exhibit 
magnetic properties. For example, see area F of FIG. 2 1 . 
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Examples of arrangements of magnetic sensors that may be used to detect the 
above described magnetic characteristics are ilJusirated in FIGs. 23a, 23b, and 24. 
Additionally, the arrangements described above may also be employed such as those 
depicted in FIGs. 4f, 6-10, 12, and 15. FIGs. 23a and 23b illustrate bills 360 and 361 
5 being transported past magnetic sensors 364a-d and 366a-g in the narrow dimension t)r 
the bill. FIG, 24 illustrates bill 370 being transported past magnetic sensors 374a-c in the 
long dimension of the bill. Magnetic scanning using these sensors may be performed in a 
manner similar to that described above in connection with optical scanning. For 
example, each sensor may be used to generate a magnetically scanned pattern such as that 

10 depicted in FIG. 14. Such patterns may be compared to stored master magnetic patterns. 
The scanning may be performed in conjunction with timing signals provided by an 
encoder such as described above in connection with optical scanning. 

Alternatively, instead of generating scanned magnetic patterns, the presence or 
absence of magnetic ink in various areas may be detected and compared the storctl iiiasier 

15 information coinciding with several areas where magnetic ink is expected and not 
expected on genuine bills of various denominations. For example, the detect ion of 
magnetic ink at area F is be expected for a $100 bill but might not be for a in\i and 
vice versa for area F. See FIGs. 2la and 21b. Accordingly, the delected magnetic 
information may be used to determine the denomination of a bill and/or to authenticate 

20 thai a bill which has been determined to have a given denomination using a diiferciii test, 
such as via a comparison of an optically scanned pattern with master opiicat patterns, iias 
the magnetic properties expected for that given denomination. Timing signals provideci 
by an encoder such as described above in connection with optical scanning may be 
employed in detecting magnetic characteristics of specific areas of bills. 

25 Additionally, for magnetic properties that are the same for all bills, sucii as the 

presence or absence of magnetic ink in a given location, such as the absence or magnetic 
ink in area 347 in FIGs. 21a and 21b, may be u.sed as a general tesi to au!iieniie;it:* 
whether a given bill has the magnetic properties associated with genuine l . : jiicx 
An example of scanning specific iircas for the presence or ahscnei- oi ![i:i'::neiic 

30 ink and denominating or authenticating bills based ilicreon may be undersiMOt: v, iii 

reference to FIGs. 22a and 22b. in FIGs. 22a and 22b. areas M, - M,s are .. -r.i-j.: for liie 
presence or absence of magnetic ink. For a I W(> series S i DO hill as nuiie::K:ii .!. rtt r 
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22a, magnetic ink should be present at areas M2, M3, M5, M7, M12, and but not tor 
the other areas. For a new series $50 bill as indicated in FIG. 22b, magnetic ink might be 
expected at areas Mi, M6, Mb, My, and Mi:i but not for the other areas. Similarly for 
other den(iminations, magnetic ink would be expected in some areas but not others. By 
5 magnetically scanning a bill at areas Mi - M15 and comparing the results with masicr 
magnetic information for each of several denominaiiuns. the deiiDininaium ui ihc 
scanned billed may be determined. Alternatively, where the denomination ot a bill has 
already be determined, the authenticity of the bill can be verified by magnetically 
scanning the bill at areas M| - M15 and comparing the scanned information to the master 

10 information associated with the predetermined denomination. If they sufficiemiv inaich, 
the bill passes the authentication test. 

Alternatively, magnetic sensors 364a-d. 366a-g, and 374a-c may (icicci mc 
magnitude of magnetic fields at various locations ol a bill and pcrlorni aLUiici:i iLatu)]i 
or denomination based thereon. For example, the strength of magnetic fields may be 

15 detected at areas J, 344a, and 348. See FIG. 21a. In a genuine SI 00 bill, no magnetic ink 
is present at area 348, One test to call a bill to be a $100 bill or authenticate that a bill is 
a SlOO bill would be to compare the relative levels of magnetic field strength dcLccicd ai 
these areas. For example, a bill may be determined genuine if a greater signal is 
generated by scanning area 344a than area .1 whicli in turn is greater than lor area >-IS. 

20 Alternatively, generated signals may be compared against expected r:iiiv*s. :;»r e ■::.!r.pie. 
that the signal for area 344a is greater than I inucs the .stgnul lor area .1. .Mic! naU vei) . 
the signals generated by scanning various locations may be compared to relercnce signals 
associated with genuine bills for those locations. 

Another denominating or authenticating technique may be undersiooc: w'wh 

25 reference to area 346 of FIG. 21a. It will be recalled thai for this area oi StiM' ual .1 
strong magnetic signal is generated when tins area is scanned in the lonj: uuMeiisutn Dt 
the bill and a weak signal is generated when this area is scanned in the narrow 
dimension. Accordingly, the signals generated by sensors 364 and 374 for ihis area ean 
be compared to each other and/or to different threshold levels to determine whether a 

30 particular bill being scanned has these properties. This information may be then used to 
assist in calling the denomination of the bill or authenticating a bill whose denomination 
has previously been determined. 



wo 98/47100 



PC17US9H/f)7443 



SO 

FlGs. 25-47 arc nowchiins illusiraiinL! si vcnil mcihoLis tor usin*^ upiiLa.. 
jnagnetic. and security thread information to dcr.ominaic and authcniicaiL- b:i:.>. l iicsc 
nncthods may be employed with the various characteristic inlbrmaiion dcicciion 
techniques described above including, for example, those employing visible and 
5 ultraviolet light and magnetics including, for example, those for deieciins' \ iimoi n 
chiiracteristics of security threads. 

FIG. 25 is a flowchart illustrating the steps performed in opiicaliv cc\cn:\\:i\i\^ 
denomination of a bill. At step 5(K), a bill is optically scanned and an optical paitcrn i> 
generated. At step 502 the scanned optical pattern is compared to one or more stored 

10 master optical patterns. One or more master optical patterns are stored for each 

denomination that a system employing the method of FIG. 25 is designed to discriminate. 
At step 504 it is determined whether as a result of the comparison of step 502 ilu- 
scanned optical pattern sufficiently matches one of the stored masicr or:: : . : - 
For example, the comparison of patterns may yield a correlaiion niunrK:- : ..: ::\c 

15 stored master patterns. To sufficiently match a ausicr paiicrn, it uiay ivtiuirc.: ;;.;a :i;c 
highest correlation number be greater than a threshold \ aiuc. An cxaninic lu mu u :t 
pattern comparison method is described in more detail ir. U.S. Pal. No. 5.2v5.)96 
incorporated herein by reference. If the scanned pattern does not sufficiently match one 
of the stored master patterns, a no call code is generated at step 506. Otherwise, if the 

20 scanned pattern does sufficiently match one of the stored master patterns, itur 

denomination associated with the matching master optical pattern is indicated as the 
denomination of the scanned bill at step 508. 

FIG. 26 is a flowchart illustrating the steps performed in determining the 
denomination of a bill based on the location of a security thread. At step 5 10, a bill is 

25 scanned for the presence of a security thread. The presence of a security thread may be 
detected using a number of types of sensors such as optical sensors using transmitted 
and/or reflected light, magnetic sensors, and/or capacitive sensors. See, for example. 
U.S. Fat. Nos. 5,151,607 and 5,122,754. If a thread is not present as deicrmincc :;i step 
512, a suspect code may be issued at step 5 14. This suspect code may indicate tiiat no 

30 thread was detected if this level of detail is desirable, 'i'lie lack of the presence oi" a 

thread resulting in a suspect code is particularly useful when all bills to be processed are 
expected to have a security thread therein. In other situations, the absence of a .security 
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thread may indicate that a scanned bill belongs to one or more denoniinatioii> du; not 
others. For example, assuming security threads are present in all genuine U.S. hiiis 
between $2 and $100 dollars, but not in genuine $1 bills, the absence ol :i sectiriiv ihrcnri 
may be used to indicate that a scanned bill is a S I bill. According to one cnibodiiricni, 
5 where it is determined that no security thread is present, a bill is preiinilniirv nuiu :iied to 
be a $1 hill. Preferably, some additional test is performed to confirm ihc (ienomiuauoji 
of the bill such as the performance of the optical denominating methods described above 
in FIG. 25. The optical denominating steps may be performed before or nficr ihl* ihrcat: 
locating test. 

10 If at step 512 it is determined that a security thread is present, itic location of the 

detected security thread is then compared with master thread locations associated with 
genuine bills at step 516, At step 5 18 it is determined whether as a result of the 
comparison at step 516 the detected thread location matches one of the stored master 
thread locations. If the detected thread location does not sufficiently match one of the 

1 5 stored master thread locations, an appropriate suspect code is generated at step 520. This 
suspect code may indicate that detected thread was not in an acceptable location if such 
information is desirable. Otherwise, if the detected thread location does sufficiently 
match one of the stored master thread locations, the denomination associated with the 
matching master thread location is indicated as the denomination of the scanned bill at 

20 step 522. 

FICj. 27 is a flowchart illustrating the steps performed in determining the 
denomination of a bill based on the fluorescent color of a security thread. For example, 
as described above 1996 series $I(K) bills contain security threads which emit red light 
when illuminated with ultraviolet light. At step 524, a bill is illuminated with uiuaviolet 

25 light. At step 526, the bill is scanned for the presence of a security thread and color of 
any fluorescent light emitted by a security thread that is present. The presence of a 
security thread may be detected as described above in connection with FIG. 26. 
Alternatively, the presence of a security thread may be detected before the bill is 
illuminated with ultraviolet light and scanned for fluorescent light. If a thread is not 

30 present as determined at step 528, an appropriate suspect code may be issued at step 530. 
The considerations discussed above in connection with FIG. 26 concerning genuine bills 
which do not contain security threads are applicable here as well. If at step 52S ii is 
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determined that a security thread is presenu liie calm ol any fluoicscem iijiv. j:r:.:-.=\: \->y 
the detected security thread is then compared wim master thread nuorcsccm colors 
associated with genuine bills at step 532. If at step 532. the detected thread fluorescent 
light does not match one of the stored master thread fluorescent colors, an appropriate 
5 suspect code is generated at step 534. Otherwise, if the detected thread lluoresccn! color 
does sufficiently match one of the stored master thread nuoresceni colors, the 
denominadon associated with the matching master thread color is indicated as the 
denomination of the scanned bill at step 536. The sensors used to detect tluoresccni light 
may be designed only to respond to light corresponding to an appropriate master color. 

10 This may be accomplished, for example, by employing light filters that pernnii only light 
having a frequency of a genuine color to reach a given sensor. Sensors such as those 
discussed in connection with FTGs. 18-20 may be employed to detect appropriate 
fluorescent thread colors. 

FIG. 28 is a flowchart illustrating the steps performed in determining itie 

1 5 denomination of a bill based on the location and fluorescent color of a security thread. 
FIG. 28 essentially combines the steps of FIGs. 26 and 27. At step 540. ihc hill 
scanned for the presence, location, and fluorescent color of a security thread. The 
presence of a security thread may be delected as described above in connection with FIG. 
26. If a thread is not present as determined at step 542, an appropriate suspect code may 

20 be issued at step 544. The considerations discussed above in conneciii>n wiiii Flu 26 
concerning genuine bills which do not contain security threads are applicable nerc as 
well. If at step 542 it is determined that a security thread is present, the (iciecieci liiicad 
location is compared with master thread locations at step 546. If the location of the 
detected thread does not match a master thread location, an appropriate suspect code may 

25 be issued at step 548. If the location of the detected thread does match a master thread 
location, the scanned bill can be preliminary indicated to have the denomination 
associated with the matching thread location at step 550. Next at step 552 ii is 
determined whether the color of any fluorescent ligiu emitted by the deiecieu >.uet;i ;*.v 
thread matches the master thread fluorescent color associated with a eenmiic t .tl; i!ic 

30 denomination indicated at step 550. If at step S'^Z. ihtt t!t:iccteil thread l iuoresv e::: ii^lw 
does not match the corresponding stored master ihread fluorescent color io: ili^- 
preliminary indicated denomination, an appropriate suspect ctidc is i:encraicil :i( sie.p 554. 
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Otherwise, if the detected thread fluorescent color does sufficientJy match the stored 
master thread fluorescent color for the preliminary indicated denomination, at sicp 556 
the scanned biJI is indicated to be of the denomination indicated at step 550. 
FIG. 29 is a flowchart illustrating the steps performed in magnetically 
5 determining the denomination of a bill. At step 558, a biil is magnetically scanned and 
one or more magnetic patterns are generated. Aliemadvely, instead of generating 
magnetically scanned patterns, a bill is magnedcally scanned for the presence or absence 
of magnetic ink at one or more specific locations on the bill. Alternaiively. insicud of 
simply detecting whether magnetic ink is prcscni at certain locations, liic sircr.i:ii: o: 

10 magnetic fields may be measured at one or more locations on liie bill. Ai sick 5(>t) ihe 
scanned magnetic information is compared to master magnetic information. One or more 
sets of master magnetic information are siored lor eat:h denomination ihai ;i sysumm 
employing the methods of FIG. 29 is designed to discriininaie. For e.^ampic, wivci'c one 
or more scanned magnetic patterns are generated, such patterns are compared lo stored 

15 master magnetic patterns. Where, the presence or absence of magnetic ink is detected at 
various locations on a bill, this information is compared lo the stored master iiKi-neiic 
information associated with the expected presence and absence of magnetic ink 
characteristics at these various locations for one or more denominations or genuitie hills. 
Alternatively, measured field strength information can be compared to master field 

20 strength information. At step 562 it is determined whether as a result oi the Ci)iMp:irisi)n 
of step 560 the scanned magnetic information sufficiently matches one of sets oi stored 
master magnetic information. For example, the comparison of patterns inav y teiti a 
correlation number for each of the stored master patterns. To sufficientiv luiwA niastc: 
pattern, it may be required that the highest corrciaiion number be i!:c;i:j: . .hi., j 

25 value. An example of such a method as applied lo optically iicneraieJ p.iitijrn.-. ... 

described in more detail in U.S. Pat. No. 5.295, !v6 incorporated herein ov y^uix-w.-x:. \\ 
the scanned magnetic information does not sufficienilv match the ^!ort':: iimsi. :- :!!vxmic" 
information, an appropriate suspect code is generated ai step 564. uihcr\M.sc. ii 
scanned magnetic information does sufficiently match one of the sets of stored muster 

30 magnetic information, the denomination associated with the matching set of master 
magnetic information is indicated as the denomination of the scanned bill at step 566. 
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FIG. 30 is a flowchart illustrating the steps performed in opticaiiv ciL'iu)iii;naunL' a 
bill and authenticating the bill based on thread locaiion and/or color inrorinaiion. Ai step 
568, a bill is optically denominated, for example, according to the methods described 
above in connection with FIG. 25. Provided the denomination of the bill is optically 
5 determined at step 568, the bill is then authenticated based on the locaijon .tiui/di ^ i)ti»r oi 
the security thread in the bill at step 570. The authcniicaiion step ^70 m;i\ pc: ! ormed. 
for example, according to the methods described m connection with TK i:;. i() A[ sil p 
570, however, the detected thread location and/or color arc only compare;.! lo master 
thread location and/or color information associated with the denommiiutni de!'j: :i::iicd in 

10 step 568. If the master thread location and/or color for the denomination indicated in 
step 568 match (step 572) the detected thread location and/or color for the bill under test, 
the bill is accepted (at step 576) as being a bill having the denomination determined in 
step 568. Otherwise, an appropriate suspect code is issued at step 574. 

FIG. 31 is a flowchart illustrating the steps perfomied in denominaiini: u tMil 

15 based on thread location and/or color information and optically auihcniicaun-: ih: bill. 
At step 578, a hill is denominated based on thread location and/or color :niorma{uui. lor 
example, according to the methods described above in connection with FIGs. 2(i-28- 
Provided the denomination of the bill is determined at step 578. the bill is then optically 
authenticated at step 580. The optical authentication step 580 may be performed, for 

20 example, according to the methods described in connection with FIG. 25. Ai >k p ."^SO. 
however, the scanned optical pattern or information is only compared to master optical 
pattern or patterns or information as.sociated with the denomination deierniined in step 
578, If the master optical pattern or patterns or information for the denomination 
indicated in step 578 match (step 582) the scanned optical pattern or information for the 

25 bill under test, the bill is accepted (at step 586) as being a bill having the denomination 
determined in step 578. Otherwise, an appropriate suspect code is issued at step 584. 

FIG. 32 is a flowchart illustrating the steps performed in optically denominating a 
bill and magnetically authenticating the bill. At step 588, a bill is optically denominated, 
for example, according to the methods described above in connection with FIG. 25. 

30 Provided the denomination of the bill is optically determined at step 588, the bill is then 
magnetically authenticated at step 590. The magnetic authentication step 590 may be 
performed, for example, according to the methods described in connection with in FIG. 



wo 9H/47I00 



PCT/i;S9«/074^3 



85 

29. At step 590, however, the detected niagneiic inrnrnmtion is uni\ : 
magnetic information associated with the denominaiion determined m sic[) 5<n ^, i: :!k* 
master magnetic information for the denomination indiciiied in siep 3S;s ir.;ut :ios ;u n 
592) the detected magnetic infonnation for the bill under test, the bill is :ic jc|vx\: sic|; 
5 596) as being a bill having the denomination dcicrmined in step 588. Otherwisf. an 
appropriate suspect code is issued at step 594. 

FIG. 33 is a flowchart illustrating the steps performed in magnetically 
denominating a bill and optically authenticating ihe hill. At step 59.S, a biii i.s 
magnetically denominated, for example, according to ihc methods dcscnoc:! \ j ::i 

10 connection with FIG. 29, Provided the denominaiion of ihe bill is maiintMi-aiiv 

determined at step 598, the bill is then oplically aaihenticated at siep 6()li. Tl.. wpn^a! 
authentication step 600 may be peri'ormcd. for example, according lo the inoiiioaN 
described in connection with in FIG. 25. At step 600, however, the detected optical 
information (or pattern) is only compared to master optical information (or pattern or 

15 patterns) associated with the denomination detennined in step 598. If the master optical 
information for the denomination indicated in step 598 matches (step 602) the deiccicd 
optical information for the bill under lest, the bill is accepted (at step 606) as being a bill 
having the denomination determined in step 598. Otherwise, an appropriate suspect code 
is issued at step 6()4. 

20 FIG. 34 is a flowchart illustrating the steps performed in denominating a bill both 

optically and based on thread location and/or color information. At step 608, a bill is 
optically denominated, for example, according to the methods described above in 
connection with FIG. 25. Provided the denomination ol^ the hill is optically deicnmned ai 
step 608, the bill is then denominated based on the location and/or color of the scLunry 

25 thread in the bill at step 610. The denominating step 610 may be pcrlbnned, lor 

example, according to the methods described in connection with FlGs. 26-28. At step 
610, the denominating ba.scd on detected thread location and/or color is periormcci 
independently of the results of the optical denominating step 608. At step 612. the 
denomination as detennined optically is compared with the denomination as determined 

30 based on thread location and/or color. If both optical and thread ba.sed dent)minaiing 
steps Indicate the same denomination, the bill is accepted (at step 616) as hcin^: :i nil! 
having the denomination determined in steps 608 and 610. Otherwise, an appropriate 
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suspect code is issued at step 614. Alternatively, the order ofsieps 608 and fi it) ;uay he 
reversed such that the bill is first denominated based on thread location and/or color and 
then optically denominated, 

FIG. 35 is a flowchart illustrating the steps performed in denominauni: a bill both 
5 optically and magnetically. At step 618, a bill is optically denominated, lor example, 
according to the methods described above in connection with FIG. 25. Provided the 
denomination of the bill is optically determined at step 618, the bill is then denominated 
magnetically at step 620, for example, according to the methods described in connection 
with FIG. 29. At step 620, the magnetic denominating is performed independently of the 

10 results of the optical denominating step 618. At step 622, the denomination as 

determined optically is compared with the denomination as determined magnetically. If 
both optical and magnetic denominating steps indicate the same denomination, the bill is 
accepted (at step 626) as being a bill having the denomination determined in steps 618 
and 620. Otherwise, an appropriate suspect code is issued at step 624. Alternatively, the 

15 order of steps 6 1 8 and 620 may be reversed such that the bill is first magnetically 
denominated and then optically denominated. 

FIG. 36 is a ilowchait illustrating the steps performed in denominating a bill both 
magnetically and based on thread location and/or color information. At step 628, a bill is 
magnetically denominated, for example, according to the methods described above in 

20 connection with FIG. 29. Provided the denomination of the bill is inaencticaiiy 

determined at step 628, the bill is then denominated based on the location aiul/oi color of 
the security thread in the bill at step 630. The denominating step 630 may he pcribrmed. 
for example, according to the methods described in coniiecLion wiih KlGs. 1() 1:',. Ai sicp 
630, the denominating bavsed on detected thread location and/or color is peribrmeu 

25 independently of the results of the magnetic denominating step 628. At step 632, the 
denomination as determined magnetically is compared with the denomination as 
determined based on thread location and/or color. If both magnetic and thread bn^cd 
denominating steps indicate the same denomination, the bill is accepted [m step UMi) as 
being a bill having the denomination determined in steps 628 and 630. Oihcrwise. an 

30 appropriate suspect code is issued at .step 634. Aliernatively, the ordc; ;u*p . :;::s 
630 may be reversed such that the bill is firsi dcnominaied based on imcau 
and/or color and then magnetically denominated. 
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FIG. 37 is a flowchart illustrating the steps performed in denoniin:uing a mil 
optically, based on thread location and/or color inforniaiion* and magneiically. At step 
638, a bill is optically denominated, for example, according to the methods described 
above in connection with FIG, 25. Provided the denomination of the bill is optically 
5 determined at step 638, the bill is then denominated based on the location and/or color of 
the security thread in the bill at step 640. The denominating step 640 may be performed, 
for example, according to the methods described in connection with FIGs. 26-28. At step 
640, the denominating based on detected thread location and/or color is performed 
independently of the results of the optical denominating step 638. Provided the 

10 denomination of the bill is determined ai step 640. the bill is then denominaiea 

magnetically at step 642, for example, accordin^L* to the methods described i:: l Oir .ccliu:] 
with FIG. 29. At step 642, the magnetic denominating is performed indcpenuciuiy or" the 
results ol the denominating steps 638 and 640. At step 644, the denomination.s as 
determined optically, magnetically, and based on thread location and/or color are 

15 compared. If all denominating steps 638-642 indicate the .same deriominaiion. liif bill is 
accepted (at step 648) as being a bill having the denomination dcicrmincu i:; .:i3iS- 
642. Otherwise, an appropriate suspect code is issued at step 646. AticrnaiivLriv. the 
order of steps 638 - 642 may be rearranged. For example, a bill may be first 
denominated optically, then be denominated magnetically, and finally be denorninaied 

20 based on thread location and/or color. Alternatively, a bill may be first denominated 

magnetically, then be denominated optically, and finally be denominated based on thread 
location and/or color. Alternatively, a bill may be first denominated magnetically, then 
be denominated based on thread location and/or color, and finally be deiioiniruiU M 
optically. Alternatively, a bill may be first denominated based on liucaLi iuLa;.iii. ^iiii/ui 

25 color, and then be denominated magnciically. a:vJ rinaliv be dcnoniinatcu v.;ni: :i::v 

Alternatively, a bill may be first denominated ba^cd on inread iocauon aiui.in c rdn:. am! 
then be denominated optically, and finally be denv>minaicd magnciicaiiy. 

FIG. 38 is a flowchart illustrating the steps performed in a method whereby a bill 
is denominated based on a first characteristic, then authenticated based on a second 

30 characteristic, and if the bill is authenticated, then the bill is denominated again based on 
the second characteristic. According to the fiowctiart of FIG. 38, at step o3u, a niil is 
optically denominated, for example, according to the methods described above in 
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connection with FIG. 25. Provided the denomination of the bill is optically determined at 
step 650, the bill is then magnetically authenticated at step 652. The magnetic 
authentication step 652 may be performed, for example, according to the methods 
described in connection with in FIG. 29. At step 652, however, the dctccicti :::;-;:um!l' 
5 information is only compared to master magnetic infonnaiion associmcd wai^ 
denomination detemiined in step 650. If the master niaimctic ini'oniui'.ivii ai. 
denomination indicated in step 650 does noi suiiiciciuiy match (step {o4) ihc iiciccieti 
magnetic information for the bill under test, an appropn;ue suspect code :,s i>Mici: ui sicp 
656. Otherwise, the bill is denommaied agam (at step 658) bui this time usm^^ luagaeiic 

10 information. If the magnetically determined denomination does not match (step bGO) the 
optically determined denomination, an appropriate error code is issued ai step 6(^2. If the 
magnetically determined denomination does match (step 660) the optical!) clcic: -iintu 
denomination, the denomination as determined at steps 650 and 658 is indicated as the 
denomination of the bill under test at step 664. 

15 The method of FIG. 38 is advantageous in providing a high degree of certainty in 

the determination of the denomination of a bill while shortening processing tunc v. iien a 
bill fails an earlier test. For example, at step 650 a bill is optically denominated, if the 
hill can not be called as a specific denomination under the optical test, a no caii code is 
issued such as at step 506 in FIG. 25 and the dcnominating/auihcniicaiiiM! !>nv-c^: cnc^ 

20 with respect to the bill. If the bill is successfully opiicaliy dcnonuiiaic;:. : ::; . . liiv:: 
authenticated based on magnetic information ai step 652. [Processing time is sa\ cd at this 
step by comparing, the scanned magnetic information for the bill under test only with 
master magnetic information associated with the denommaiion as dcicrmincc optically at 
step 650. If the scanned magnetic information does not sufficiently match the master 

25 magnetic information for that denomination, an appropriate suspect code is issued and 
the denominating/authenticating process ends with respect to the bill. If the bill 
successfully passes the authentication step 654, the bill is then denominated using the 
magnetic information. Here the scanned magnetic information is compared to master 
magnetic information for a number of denominations. It is then determined which 

30 denomination is associated with the master magnetic information that best matches the 
scanned magnetic information and this denomination is compared with the optically 
determined denomination to verify that they agree. For example, a bill may be optically 
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delennined to be a $100 bill. The magnetic inlormation employed m:i\ i>e iiKiL^ii-iii.: 
patterns similar to the optically generated paiierns described abo\c a:u: i:- {:.:: 
5,295, 19f). Al step 652, the scannec! magnetic fiiuicni in conciaicd a^uaui-i iiu ii..iNiei- 
magnetic pattern or patterns associated with $100 bills. Assume, ibr c\an!i>!,\ :\::\\ .i 
5 correlation value of at least 850 is required to pass the authentication lesi. il ihc scanned 
magnetic pattern yields a correlation of 860 when compared to the master magnetic 
pattern or patterns associated with $100 bills, the bill then passes the authentication step 
654. At this point, the bill is magnetically denonunated independently of the lesuiis of 
the opucal denominating step 650. This step ensures that the best match maiznciically 

10 matches the best match optically. For example, if at step 658, the highest currciaiiun is 
860 which is associated with a $100 bill master magnetic pattern, then ihc mai.mctic 
denominating and optical denominating steps boih poiru to a $100 bill and accouimgly. 
the bill is indicated to be a $100 bill at step 664. However, if the highest correlation is 
900 which is associated with a $20 bill master magnetic pattern, then the optically 

15 determined denomination and the magnetically determined denomination disagree and an 
appropriate error message is issued at step 662. 

The method of FIG. 38 may be particularly useful in denoniinating and 
authenticating bills of higher denominations such as $20, $50, and $ 100 bills. The higher 
value of these notes may make it desirable to undertake the additional denominating 

20 steps 658-664. The method of FIG. 38 could be modified so that if a bill were 

determined to be a $20, $50» or $100 at step 650 then the steps as indicated in FIG. 38 
would be followed. However, if a bill were determined to be a $1 , $2, $5, or $10 at step 
650. then instead of magnetically denominating the bill at step 658, the bill could be 
immediately accepted such as in FIG. 32. 

25 FIG. 39 is a llowchart illustrating the steps performed in a method wtiereby a bill 

is denominated based on a first characteristic, then authenticated based on a second 
characteristic, and if the bill fails the autheniicaiion test, then the bill is denominated 
again based on the second characteristic. According to the flowchart of FIG. 39, at step 
666, a bill is optically denominated, for example, according to the methods described 

30 above in connection with FIG. 25. Provided the denomination of the bill is ()j:)iically 
determined at step 666, the bill is then magnetically authenticated at step 668. Tiic 
magnetic authentication step 668 may be performed, for example, accordiriu lo ihc 
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melhods described in connection with in FIG. 29. At step 668, however, the detected 
magnetic information is only compared to master magnetic information associated with 
the denomination determined in step 666. If the master magnetic information for the 
denomination indicated in step 666 matches (step 670) the detected maer.cti.- ::\\.-\r..\\\oi) 
5 for the bill under test, the bill is indicated (at step 672) to have the denonniKUum ;is 
determined at step 666. Otherwise, the bill is denominated again (at step 674 i Inu this 
time using magnetic information. If the deiecied magnetic information sufricienily 
matches (step 676) any of the stored master magnetic information, an appropriate error 
code is issued at step 678. Because the bill failed the test at step 670, if the scanned 

10 magnetic information matches any of the stored master magnetic information, the 

matching master magneuc information will be associated with a denomination oihcr than 
the denomination determined optically at step 666. Accordingly, at step 678, the 
magnetically determined denoniination differs from the optically determined 
denomination and an appropriate error code may be generated such as a no call code 

15 indicating that the optical and magnetic tests resulted in different denomination 
determinations thus preventing the system from calling the denomination of the bill 
under test. Such an error might be indicative of a situation where the bill under test is a 
genuine bill that had its optical or magnetic appearance altered, for example, where a 
genuine $1 bill was changed so that it appeared optically at least in pan to nc iiki a 

20 higher denomination bill such as a $20 bill. If liie detected magnetic inlonnaiion does 
not match (step 676) any of the stored master magnetic information, an uppropriate 
. suspect code is issued at step 680. The error code at step 6H0 may indicate that the 
scanned bill does not match magnetically any of the stored master magnetic inibrmation 
associated with genuine bills. 

25 The method of FIG. 39 is advantageous in that processing lime is saved where a 

bill is determined to be genuine after passing two tests. Furthermore, when a laiis the 
lest at step 670, an additional test is performed to better define the suspect qualities v\ a 
bill which is rejected. 

In FIGs. 38 and 39 the first characteristic is optical information and the second 

30 characteristic is magnetic information. Alternatively, the methods of FIGs. 3tS aiuJ 39 
may be performed with other combinations of characteristic information wherein the first 
and second characteristic information comprise a variety of characteristic information as 
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describeii above such as magnetic, optical, color, and thread based infornnaiion. 
Examples of such alternatives are discussed below in connection with FIGs. 40-44. 
Alternatively, the methods of FIGs. 38 and 39 may be performed utilizing first 
characteristic information to denominate a bill, then using second characteristic 
5 information to authenticate the bill and finally denominating the bill again using third 
characteristic information. Again the variety of characteristic information described 
above such as magnetic, optical, color, and thread based information may be employed in 
various combinations as first, second, and third characteristic information. 

FIG. 40 is similar to FIG. 39 and is a flowchart illustrating the steps performed in 

10 a method whereby a bill is denominated based on a first characteristic, then authenticated 
based on a second characteristic, and if the bill fails the authentication test, then ihe bill 
is denominated again based on the second characteristic. According to the ilowciiari of 
FIG. 40, at step 682, a bill is denominated based on thread location and/or color, tor 
example, according to the methods described above in connection with FIGs. 26-28. 

15 Provided the denomination of the bill is determined at step 682, the bill is then 

magnetically authenticated at step 684. The magnetic atuheniicaiion step oM-i may he 
performed, for example, according to the method.s described in connection wnn in FIG. 
29. At step 684. however, the delected magnetic infomiaiion is oniy comf):i:vi! fM:isu r 
magnetic information associated with the denoniination determined m sicp o^_. a' \:)- 

20 master magnetic information for the denomination indicated in step 682 maiclies (step 
686) the detected magnetic information for the bill under test, the bill is accepted and 
indicated (at step 688) to have the denomination as determined at step 682. (.)tbt! wise, 
the bill is denominated again (at step 690) but this time using magnedc inibnnaiuju. I: 
the detected magnetic information sufficiently matches (step 692) any oi the stored 

25 master magnetic information, an appropriate error code is issued at step bVh. Iic-;iusc 
the bill failed the test at step 686, if the .scanriec: inagncrMc information iii.iu ::. .. . : :;. 
,stored master magnetic information, the maichnii: master loagncuc ininniuau ii nl uc: 
associated with a denomination other than the denomination determined at sten 6S2. 
Accordingly, at step 696, the magnetically determined denomination differs corn the 

30 thread-based determined denomination and an a[)propnaie error code m.iv ivj aiwd 
such as a no call code indicating that the thread-based and magncuc icsis rcsimcu m 
different denomination determinations thus preventing the system rrom calhiir' ti;j 
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denomination of the bill under test. If the detected magnetic information does not match 
(step 692) any of the stored master magnetic information, an appropriate suspect code is 
issued at step 694. The error code at step 694 may indicate that the scanned bill does not 
match magnetically any of the stored master magnetic information associaied wnh 
5 genuine bills. 

FIG. 41 is also similar to FIG. 39 and is a ilovvchan iliusiraiinir mc >icns 
perfiirmed in a method whereby a hill is denominated hased on a lirs'. c ti;:i:!: :/r! ; ic. ihcn 
auiheniicaled based on a second ch:iracterisiic, and ii'tlic bill fails ilic auincniicauon lesi. 
then the bill is denominated again based on the second characteristic. According lo the 

10 flowchart of FIG. 41, at step 698, a bill is optically denominated, for example, according 
to the methods described above in connection with FIG. 25. Provided the li;!:: :>:i!ir!aiicM^ 
of the bill is determined at step 698, the bill is ihcn aijiheruicaied buscA i :n; ca^: 
location and/or color at step 700. The authentication step 700 may be pcrionnct!. lo: 
example, according to the methods described in connection with in FlCis. i(v2N. Ai siep 

15 700, however, the detected thread information is only compared to master thread 
information associated with the denomination determined in step 698. If the master 
thread information for the denomination indicated in step 698 matches (step 702) the 
delected thread information for the bill under test, the bill is accepted and indicrau tj (a! 
step 704) to have the denomination as determined at step 698. Oihcrvvisc. li:. : ::: :h 

20 denominated again (at step 706) but this time using thread inlonnaiioii. ii .kii.'-u-i 
thread information matches (step 708) any of the stored master thread inionuaiioii. an 
appropriate error code is issued at step 712. Because liie bill failed the lesi at siep 702. if 
the thread-based information matches any of the stored master thread iniormaiion, the 
matching master thread information will be associated with a denomination other than 

25 the denomination determined at step 698. Accordingly, at step 712, the thread-based 
determined denomination differs from the optically determined denomination and an 
appropriate error code may be generated such as a no call code indicating that ilie thread - 
based and optical tests resulted in different denomination determinations thus preventing 
the system from calling the denomination of the bill under test. If the detected thread 

30 information does not match (step 708) any of the stored master thread information, an 
appropriate suspect code is issued at step 710. The error code at step 7 10 may indicate 
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that the thread characteristics of the scanned bili ildc.s not match :tny oi ii:;- - 
thread information associated with genuine hills. 

FIG. 42 is also similar to FIG. 39 and is iunw hart iliiistraiiniL: idc su-ps 
perfoimed in a method whereby a bill is denoniiiuucd based on a firsi c:-:.i:a:i.': :: j. ihcii 
5 aulhcnlicated based on a second characierisiic, and if the bill fails the auiheniicaiion tcsi. 
then the bill is denominated again based on the second characteristic. Accordiiii: \o the 
flowchaa of FIG. 42, at step 714. a bill is magnetically denominated, for cxampu. 
according to the methods described above in connection with FIG. 29. Hrovuicu [iw. 
denomination of the bill is determined at step 714, the bill is then authenticated based on 

10 thread location and/or color at step 716. The authentication step 716 may be penurmed, 
for example, according to the methods described in connection with in FIGs. 2(')-iS. At 
step 716, however, the delected thread information is only compared to master tiiread 
information associated with the denomination determined in step 714. If the master 
thread information for the denomination indicated in step 714 matches (step 7 i S i ihc 

15 detected thread infomiation for the bill under lest, the bill is accepted and :niiic:i:L'd i :\\ 
step 720) to have the denomination as determined at step 714. Otherwise, the bill is 
denominated again (at step 722) but this time using thread information. If the detected 
thread information matches (step 724) any of the stored master thread inf ormation, an 
appropriate error code is issued at step 728. Because the bill failed the test at step 718, if 

20 the thread-based information matches any of the stored master thread information, the 
matching master thread information will be associated with a denomination other than 
the denomination determined at step 714. Accordingly, at step 728, the thread-based 
determined denomination differs from the magnetically determined denomination and an 
appropriate error code may be generated such as a no call code indicating that the thread- 

25 based and magnetic tests resulted in different denomination determinations thus 
preventing the system from calling the denomination of the bill under test. If the 
detected thread information does not match (step 724) any of the stored master thread 
information, an appropriate suspect code is issued at step 726. The error code at step 726 
may indicate that the thread characteristics of the scanned bill does not match an\' of the 

30 stored master thread information associated with genuine bills. 

FIG. 43 is similar to FIG. 38 and is a flowchart illustrating the steps performed in 
a method whereby a bill is denominated based on a first characLcrisiic, then auihcniicaLcd 
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based on a second characteristic, and if the bill is authenticated, then the bill is 
denominated again based on the second characteristic. According to the flowchart of 
FIG. 43, at step 730, a bill is magnetically denominated, for example, according lo ihe 
methods described above in connection with FIG. 29. Provided the denomination oi The 
5 bill is magnetically determined at step 730, the bill is then optically authenticated at step 
732. The optical authentication step 732 may be performed, for example, according to 
the methods described in connection with in FIG. 25. At step 732. however, ihe cieiccicd 
optical information is only compared to master optical information associated with the 
denomination determined in step 730. If the master optical information for the 

10 denomination indicated in step 730 does not sufficiently match (step 734) the detected 
optical information for the bill under test, an appropriate suspect code is issued at step 
736. Otherwise, the bill is denominated again (at step 738) but this time using optical 
information. If the optically determined denomination does not match (step 740) the 
magnetically determined denomination, an appropriate error code is issued at step 742. If 

15 the optically determined denomination does match (step 740) the magnetically 
determined denomination, the denomination as determined at steps 730 and 738 is 
indicated as the denomination of the bill under test at step 744. 

FIG. 44 is also similar to FIG. 38 and is a flowchart illustrating the steps 
performed in a method whereby a bill is denominated based on a first characteristic, their 

20 authenticated based on a second characteristic, and if the bill is autheniicaied. then the 
bill is denominated again based on the second chai*acteristic. According to the fiuwchari 
of FIG. 44, at step 746, a bill is denominated based on thread location iin(i/or l om\ for 
example, according to the methods described above in connection with FlGs. 26-28. 
Provided the denomination of the bill is determined at step 746, the bill is then optically 

25 authenticated at step 748. The optical authentication step 74K may be performed, for 

example, according to the methods described in connection with in FIG. 23. . \: >iep 74s. 
however, the detected optical information is only compared to master opiic:i! iniormiiiio!^ 
associated with the denomination determined in step 746. If the master optic::! 
information for the denomination indicated in step 746 does not sufficiently inaicii tsicp 

30 750) the detected opticiil information for the bill under test, an appropriate suspect code 
is issued at step 752. Otherwise, the bill is denominated again (at step 754) but this time 
using optical information. If the optically determined denomination does not match (step 
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756) the thread-based determined denomination, an appropriate error code is issued ai 
step 758. If the optically determined denoininaLion does tnaich (step 740) tlic ilireail- 
bascd dcicrmincd denomination, the denomination as determined at steps 746 und 754 is 
indicated as the denomination of the bill under icsi at step 760. 
5 FIGs. 45 and 46 illustrate methods where for a bill to be accepted it is first 

denominated utilizing first characteristic information, then authenticated using second 
characteristic information, and finally authenticated again using third characteristic 
information. 

According to the flowchait of FIG. 45, at step 762, a bill is optically 

10 denominated, for example, according to the methods described above in connection with 
FIG. 25. Provided the denomination of the bill is optically detennined at step 762, the 
bill is then magnetically authenticated at step 764. The magnetic authentication step 764 
may be performed, for example, according to the methods described in connection with 
in FIG. 29. At step 764, however, the detected magnetic information is only coiv.nared lo 

15 master magnetic information associated with the denomination detennincti m 7()2. 
If the master magnetic information for the denomination indicated in step 762 iuaichcs 
(step 766) the detected magnetic information for ihe bill under test, ihe bill is then 
authenticated based on thread location and/or color at sicp 768. The auiheniicaiiun ^lep 
76K may he performed, for example, according lo the nicihods described in c:oniiecc]un 

20 with in FIGs. 26-28. At step 768, however, the detected thread information is only 

compared to master thread information associated with the denomination detcrmmcd in 
step 762. If the master thread information for the denomination indicated in sicp 'Kil 
matches (step 770) the detected thread information for the bill under test, the bill is 
accepted and indicated (at step 772) to have the denomination as determined at step 762. 

25 Otherwise, the bill is denominated again (at step 774) but this time using thread 

information. If the delected thread information matches (step 776) any of rlie stored 
master thread information, an appropriate error code is issued at step 778. Because the 
bill failed the test at step 770, if the thread-based information matches any of the smred 
master thread information, the matching master thread inronnaiion wril \n- a^N.u ;. ::■:(! 

30 with a denomination other than the denomination deicrniineci ai sicp .'\...y;.;.ai:: . . 
at step 77X, the thread-based determined denonnnaiiun dilTcrs fnmi tiic oniicaiix 
determined denomination and an appropriate error code may be generated such as a no 
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call code indicating that the thread-based and optical tests resulted in different 
denomination detemninations thus preventing the system from calling the denomination 
of the bill under test. If the detected thread information does not match (step 776) any of 
the stored master thread information, an appropriate suspect code is issued at step 780. 
5 The error code at step 780 may indicate that the thread characteristics of the scanned bill 
docs not match any of the stored master thread information associated with genuine bills. 

If at step 766 the master magnetic information for the denoruinaiio]! iiu:i; :i!lh! in 
step 762 does not match the detected magnetic information for the bill under icsi. the bill 
is denominated again (at step 782) but this time using magnetic mformaiion. If the 

10 detected magnetic information sufficiently matches (step 784) any ol the stored master 
magnetic information, an appropriate error code is issued at stop 78ri. Ri:c;u: biM 
failed the test at step 766, if the scaiuied magnetic information matches any oi tiic siorcii 
master magnetic information, the matching masLL*.r magnetic inlbrnuiuon wiii he- 
associated with a denomination other than the denomination deiermmed oput..ai!-. at sU:p 

15 762. Accordingly, at step 786, the magnetically determined denomination diiVcr- I'roin 
the optically determined denomination and an appropriate error code may be generated 
such as a no call code indicating that the optical and magnetic tests resulted in dilfercnt 
denomination determinations thus preventing the system fiom calling the denommation 
of the bill under test. If the detected magnetic information docs not match (su-p '• S4) an\ 

20 of the stored master magnetic information, an appropriate suspect code is issuca a; sicp 
788. The error code at step 788 may indicate that the scanned bill docs not rnaic:; 
magnetically any oflhe stored master magneiic iiUormaiion associaicvi wtin \)\i\> 

According to the flowchari of FIG. 46. ai step 782, a bill is optically 
denominated, for example, according to the methods described above in connection with 

25 FIG. 25. Provided the denomination of the bill is determined at step 782. the bill is then 
authenticated based on thread location and/or color at step 784. The aiiiheniicaii an step 
784 may be performed, for example, according to the methods described in couiicciion 
with in FIGs, 26-28. At step 784, however, the detected thread information is only 
compared to master thread information associated with the denomination deiermmed in 

30 step 782. If the master thread information for the denomination indicated in step 782 
matches (step 786) the detected thread information for the bill under test, the bill is then 
magnetically authenticated at step 788. The magnetic authentication step 788 may be 
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performed, for example, according to the methods described in ct)nncc(:t>:i v. vi. ... [ it : 
29. At siep 788, however, the detected magnciic intonnation is only ct;ir.paiVs; ^^^.^ici 
magnetic information associated with tiic dciioiiiinaiioii deiciiiimeti u: ^i-.r- 'a. ;; Um- 
master magnetic information for the denomination indicated in step 782 matclics (step 
5 790) the detected magnetic information for the bill under test, the hill is indicaictl (at step 
791) to have the denomination as determined at step 782. Otherwise, the bill i> 
denominated again (at step 792) but this time usmg ina.izneiic informaiinf- i: :;: 
magnetic information sufficiently matches (step 793) any of the storcci \\\:is:-j: .i^.-n-.:- 
information, an appropriate error code is issued at step 794. Because ilic 

10 test at step 790, if the scanned magnetic information matches any of the siurcd master 
magnetic information, the matching master magnetic information will be associated with 
a denomination other than the denomination determined optically at step 782. 
Accordingly, at step 794, the magnetically determined denomination differs from the 
optically determined denomination and an appropriate error code may be ^encraietl such 

15 as a no call code indicating that the optical and magnetic tests resulted in difierc::; 

denomination determinations thus preventing the system from callin*:. ilic liciiuiuiiuuion 
of the bill under test. If the detected magnetic information does not match t step 793) any 
of the stored master magnetic infurmalion, an appropriate suspect code is issiitrd ai step 
795. The error code at step 795 may indicate that the scanned bill does not match 

20 magnetically any of the stored master magnetic information associated with genuine bills. 

If at step 786 the master thread information for the denomination indicated in step 
782 does not match the detected thread information for the bill under lesl. the bill is 
denominated again (at step 796) but this time using thread information. If the detected 
thread informanon matches (step 797) any of the stored master thread information, an 

25 appropriate error code is issued at step 798. Because the bill failed the test at step 786, if 
the thread-based information matches any of the stored master thread information, the 
matching master thread information will be associated with a denomination other than 
the denomination determined at step 782. Accordingly, at step 798, the thread-based 
determined denomination differs from the optically determined denonfiinaiion and an 

30 appropriate error code may be generated such as a no call code indicating thai the nneatl- 
based and optical tests resulted in different denomination determinations thus i)revcnting 
the system from calling the denomination of the bill under test. If the detecicii thread 
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informaiion does not match (step 797) any ofllie stored muster thread irUorniint.Mi. :ni 
appropriate suspect code is issued at step 799. The error code at step 799 iruiy i;..i;c aie 
that the thread characteristics of the scanned bill does not match any ol liu- v;--:: ;i;:i>U': 
thread information associated with genuine bills. 
5 FIG. 47 illustrates a method where for a bill to be accepted it is first denominated 

utilizing first characteristic information, then authenticated using second characteristic 
informaiion, then denominated using the second characteristic information, and finally 
authenticated using third characteristic information. According to the flowchart of FIG. 
47, at step 800, a bill is magnetically denominated, for example, according to the 

10 methods described above in connection with FIG. 29. Provided the denoniinauvm of the 
bill is magnetically determined at step 800, the bill is then optically authenticated at step 
802. The optical authentication step 802 may be performed, for example, according to 
the methods described in connection with in FIG. 25, At step 802, however, the detected 
optical informaiion is only compared to master optical information associated with the 

15 denomination determined in step 800. If the master optical information for the 

denomination indicated in step 800 does not sufficiently match (step 804) the detected 
optical information for the bill under test, an appropriate suspect code is issued at step 
806. Otherwise, the bill is denominated again (at step 808) but this lime using optical 
information. If the optically determined denomination does not match (step 8 10) the 

20 magnetically determined denomination, an appropriate error code is issued at step 812, If 
the optically determined denomination does match (step 810) the magnetically 
determined denomination, the bill is then authenticated based on thread location and/or 
color at step 814. The authentication step 814 may be performed, for example, according 
to the methods described in connection with in FIGs. 26-28. At step 814. however, the 

25 delected thread informaiion is only compared to master thread informaiion assuL laied 
with the denomination determined in step 800. If the master thread intbrniaiion for the 
denomination indicated in step 800 matches (step 816) the dciccicd thread inforination 
for the hill under test, the bill is accepted and indicated (at step (SI8) lo have ihu 
denomination as determined at step 800. Otherwise, the bill is dcnoin'inaicij ::L'a:i; 

30 .step 820) but this lime using thread information. If the detected thread inlurmaiion 

matches (step 822) any of the stored master thread infoimation, an appropriate error code 
is issued at step 824. Because the bill failed the test at step 8 16, if the thread-based 
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information matches any of the stored master thread information, the matching master 
thread information will be associated with a denomination other than the denomination 
deiennined at step 800. Accordingly, ai step the ihread-based deternnrieci 
denomination differs from the magnetically determined denomination and an appropriate 
5 error code may be generated such as a no call code indicating that the thread-based and 
magnetic tests resulted in different denomination determinations thus preventing the 
system from calling the denomination of the bill under test. If the detected thread 
information does not match (step 822) any of the stored master thread information, an 
appropriate suspect code is issued at step 826. The error code at step 826 may indicate 

10 that the tliread characteristics of the scanned bill does not match any oi* the siorcil master 
thread information associated with genuine bills. 

FIGs, 45-47 provide examples of combinations of characteristic information 
employed as first, second, and third characteristic information. Alternatively, the 
methods of FIGs. 45-47 may be performed with other combinations o( characieristic 

15 information wherein the first, second, and third characteristic information comprise a 
variety of characteristic information as described above such as magnetic, optica!, color, 
and thread based information. 

In general, with respect to the methods dcscribcci above in connection vviin FIGs. 
25-47, the decision whether to authenticate a bill using one or more tests and/or to 

20 denominate a bill two or more times may be based on the value of the note as determined 
during the initial denominating step. For example, for a bill initially detcrmijicd ;o l)c a 
$1 or S2 bill using a first denominating method, it may be desirable to iniiikHu.iu iv 
accept the bill or perform one authentication test such as illustrated in FiGs. J.^^ .\ i';?i 
bills initially determined to be of some immediate value such as S5 and $10 hills, it in;iy 

25 he desirable to perform a second denominating step and/or an authenticaiinLi ^u:|• heloiL- 
accepting the bill such as in FIGs. 34-36 and 38, and 43-44. For bills initially determined 
to be of a high value such as $20, $50, and $100 bills, it may be desirable to perform two, 
three, or more denominating and/or authenticating steps such as in FIGs. 37 and 45-47. 
Likewise, it may be desirable to perform additional dcnominatini! anti/oi 

30 authenticating steps in unattended currency hantiimi.' machines .Mich as 

redemption machines. Additional screening steps may he desirable wi-r; M!.- . .:.::;•!:::::> 
lhai accept money directly from customers siicti :is i>:nik cListomei s m :\): 
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credit to their accounts or denomination exchanges as opposed to machines employed in 
environments where an employee such as a bank teller or casino employee rc*cei\ cs 
money from customers and then the employee processes the hills witii the aid i»i niu 
currency machine. 

5 The above described embodiments of sensors and methods may be empi{)ye{l in 

currency discriminators such as, for example, those described above in connection with 
FIGs. 4a, 6-12, 15 or the discriminator described in U.S. Pat, No. 5,295,196 incorporated 
herein by reference. 

The issuance of an error code such as a no call code or a suspect code ma\' be 

10 used to suspend processing of a stack of bills, for example, as descril)Ci: \:\ [ . ai N,; 
5,295,196 incorporated herein by reference. These codes may cause uic opciati. r: oi a 
single or multiple output pocket di.scriminiiuir i<> he suspended siicii liiai iiit- nsli 
triggering one of these codes is the last bill delivered lo an output pockei beiorc trie 
operation of the system is suspended. Alternaiively. a random l)ilt may iriii;jcr ihcse 

15 codes, for example the second-to-last bill. Accordingly, the triggermg bill may be easily 
examined by the operator of the system so that appropriate action may be taken l)asetl on 
the operator's evaluation of the triggering bill. Alternatively, in a multiple ou:piii pocket 
system such as a two output pocket system, the issuance ol one of these ci rv)i ;:i\:cs ;iia\ 
c^use triggering bills lo be diverted to a different output pocket such as a rejeci pocket. 

20 Alternatively, bills that result in a no call code may be diverted to one output pockei ant! 
those that result in a suspect code may be diverted to a different pockei. Acccptc:] bills 
may be routed lo one or more other output pockets. 

The operation of selection elements will now be described in more detail in 
conjuncuon with FIG. 48a which is a front view of a control panel 106 1 of one 

25 embodiment of the present invention. The control panel 1061 comprises a kcvr;...: \n(C 
and a display section 1063. The keypad 1062 comprises a plurality of key^ iiiciuaing 
seven denomination selection elements 1064a- 1 (J64g, each iLssociaied with one ol" seven 
U.S, currency denominations, i.e., $1, S2, $5, SIO, $20, $50, and $100. Alternatively, 
the keys may be for 2, 5, 10, 20 and 50 £ notes or any combination of foreign currency. 

30 For document processing systems, the denomination selection elements may be labeled 
according to the currency system which a system is designed to handle and accordingly, 
there may be more or less than seven denomination selection elements. The $ I 



wo 98/47100 



PCT/US98/07443 



101 

denomination seleciion key 64a also serves as a mode seJeciion key. li should he noted 
that Ihc denomination selection elements can be used to enter not only \hc vmuc r-i' 
currency, but all types ordocumenis including checks. The keypad lt)i)2 , . : :.s; n 
a "Continuation" selection element 1065. Vari ous n"iiorniation such as insiMiciu)ris. 
5 mode selection information, authentication und discriniinalion inU)rmaiuiii. i(t<::v:ciiial 
denomination counter values, and total batch counter \ alue are cominim:. ;;! : !hv- 
operator via an LCD 1066 in the display section 1063. The full image pit um; 
and the discrimination and authentication unit accordint: lo one e:iin(n:n::e!;: 
present invention have a number of operating nuHics includinii a mixci: inihu. :; •:r:\\]\:cv 

10 mode, a sort mode, a face mode, and a IbrwardTcvctse orieniaiuHi nnjii-. 

FIG 48b illustrates an alternate embodiment ol' the control panel 106 1 . .a set oi* 
numeric keys with a decimal point collectively labeled I064h is engaged by ilie user lo 
enter numeric data from all types of documents. FIG. 48c illustrates a control panel 106! 
with both numeric keys and decimal point 1064i and denomination keys IOCm., i J641;. 

15 The user has the choice of entering the data by the denomination keys 1064a- 1 064f or the 
numeric keys. The remaining elements of the control panels in FlCis. 4Xb anti 4Se 
function as described above. 

The operation of a document processing system having ilie denoininain)!! 
selection elements 1064a-1064g and the continuation element 1065 will now be 

20 discussed in connection with several operating modes. 
(A) Mixed Mode 

Mixed mode is designed to accept a stack of bills of mixed denomination, total 
the aggregate value of all the bills in the stack and display the aggregate value in the 
display 1063. By "stack" it is meant to not only include a single stack of bills, but 

25 multiple stacks as well. Information regarding the number of bills of each individual 
denomination in a stack may also be stored in denomination counters. When an 
otherwise acceptable bill remains unidentified after passing through the system, operation 
of the system may be resumed and the corresponding denomination counter and/or the 
aggregate value counter may be appropriately incremented by selectiftg the denomination 

30 selection key I()64a-I064g associated with the denomination of the unidentified bill. For 
example, if the system stops operation with an otherwise acceptable S5 bill beini: the last 
hill deposited in the output receptacle, the operator may simply select key Ml). When 
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key 64b is depressed, the operation of the system is resumed and the $5 denomination 
counter is incremented and/or the aggregate value counter is incremenien in S"^ 
Fuithermore* the flagged bill may be routed from llic inspection siaiu^ii ,.; ; : j: i:;::. 
output receptacle. Otherwise, if the operator determines the flagged bill l.^ ui.ujjjpi.ujic. 
5 the bill may be removed from the output reeeplauie or the inspection station or iiic 
flagged bill may be routed to the reject receptacle. The continuation key 1065 is 
depressed after the unacceptable bill is removed, and the system resumes operation 
without affecting the total value counter and/or the individual denomination counters. 
(B) Stranger Mode 

10 Stranger mode is designed to accommodate a stack of bills all having Uu: lainc 

denomination, such as a stack of $10 bills. In such a mode, when a stack of bills is 
processed by the system the denomination of the first bill in the stack is deiernuned and 
subsequent bills are flagged if they are not of the same denomination. Alternatively, the 
system jnay be designed to permit the operator lo designate the denomination against 

15 which bills will be evaluated with those of a different denomination being flagged. 

Assuming the first bill in a stack determines the relevant denomination and assuming the 
first bill is a $10 bill, then provided all the bills in the stack are $10 bills, the display 
1063 will indicate the aggregate value of the bills in the stack and/or the number of S 1 0 
bills in the stack. However, if a bill having a denomination other than SIO is included in 

20 the stack, the system will stop operating with the non-$10 bill or "stranger bill" being the 
last bill deposited in the output receptacle in the case of the discriminator system or the 
inspection station. The stranger bill may then be removed from the output receptacle and 
the system is started again either automatically or by depression of the "Continuation" 
key 1065 depending on the set up of the system. An unidentified but otherwise 

25 acceptable $10 bill may be handled in a manner similar to thai described above 

connection with the mixed mode, e.g., by depressing the $10 dcnominaiion scicc;u)r. 
element l()64c, or alternatively, the unideniified but otherwise accepiahic S li) biii may be 
removed from the output receptacle and placed into the input hopper lo be re-scanned. 
Upon the completion of processing the entire stack, the display 1063 wiil indicate the 

30 aggregate value of the SIO bills in the stack and/or the number of $10 bills in the stack. 
All bills having a denomination other than $10 will have been set aside and will i»oi be 
included in the totals. Altematively, these stranger bills can be included in ihe !m :[1> vi.-. 
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operator selection choices. For example, if a $5 stranger bill is detected and flagged in a 
stack of $10 bills, the operator may be prompted via the display as to whether the $5 bill 
should be incorporated into the running totals. If the operator responds positively, the $5 
bill is incorporated into appropriate running totals, otherwise it is not. Alternatively, 
5 when the system stops on a stranger bill, such as a $5, the operator may depress ihe 
denomination selection element associated with that denomination lo cause iiic \ :mic oi 
the stranger bill to be incorporated into the totals. Likewise for other types ol" llagged 
bills such as no calls. Alternatively, a set-up selection may be chosen whereby ail 
stranger bills are automatically incorporated into appropriate running totals. 

10 (C) Son Mode 

According to one embodiment, the sort mode is designed to accommodate a stack 
of bills wherein the bills are separated by denomination. For example, all the $1 bills 
may be placed at the beginning of the stack, followed by all the $5 bills, followed by ail 
the S 10 bills, etc. Alternatively, the sort mode may be used in conjunction with a stack 

15 of bills wherein the bills are mixed by denomination. The operation of the sort mode is 
similar to that of the stranger mode except that after stopping upon the detection of a 
different denomination bill, the system is designed to resume operation upon removal of 
all bills from the output receptacle. Returning to the above example, assuming ihe first 
bill in a stack determines the relevant denomination and assuming the first bill is a $ I 

20 bill, then the system processes the bills in the .stack until the first non-SI i)ill is liciecicd, 
which in this example is the first S5 bill. At that point, the system wili stop v)nciauni: 
with the first $5 being the last bill deposited in the output receptacle. I he tiisphiv 
may be designed to indicate the aggregate value of the preceding S! bills processed 
and/or the number of preceding S I bills. The .scanned $ \ bills and ilie firsi S5 hill are 

25 removed from the output receptacle and placed m .sepataie SI and .S5 hiii staeKs ilie 
.system will start again automatically and subsequent bills will be assessed relative to 
being $5 bills. The system continues processing bills until the first $10 bill is 
encountered. The above procedure is repeated and the system resumes operation until 
encountering the first bill which is not a $10 bill, and so on. Upon the compleiinn of 

30 processing the entire .slack, the display 1063 will indicate the aggregate value of al! the 
bills in the stack and/or the number of bills of each denomination in the suck. Tins 
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mode permits the operator to separate a stack of bills having multiple denominations into 
separate stacks according to denomination. 
(D) Face Mode 

Face mode is designed to accommodate a stack of bills all faced in the same 
5 direction, e.g., all placed in the input receptacle face up (that is the ponraii or black side 
up for U.S. bills) and to detect any bills facing the opposite direction. In such a mode, 
when a stack of bills is processed by the system, the face orientation of the first bill in the 
stack is determined and subsequent bills are flagged if they do not have the same face 
orientation. Alternatively, the system may be designed to permit designation of the face 

10 orientation to which bills will be evaluated with those having a different face t>ncniaiK>n 
being flagged. Assuming the first bill in a stack determines the relevant face orientation 
and assuming the first bill is face up, then provicied all the bills in the stacK arc up. 
the display 1063 will indicate the aggregate value oijhc hills in the stav iv .ii.i:. wi i!.c 
number of bills of each denomination in the stack. However, ii a bill laccti ui inc 

15 opposite direction (i.e., face down in this example) is included m the stack, the system 
will stop operating with the reverse-faced bill being the last bill deposited in the output 
receptacle. The reverse-faced bill then may be removed from the output icc-jpia-i-j - In 
automatic re-start embodiments, the removal of the reverse-faced hill cau^c^ ino svsiom 
to continue operating. The removed bill may then be placed into the input rcccpiacic 

20 with the proper face orientation. Alternatively, in non-automatic re-stari cnihociiincnts, 
the reverse-faced bill may be either placed into the input receptacle with the proj)cr face 
orientation and the continuation key 1065 depressed, or placed back into the output 
receptacle with the proper face orientation. Depending on the set up of the system when 
a bill is placed back into the output receptacle with the proper face orientation, th.e 

25 denomination selection key associated with the reverse-faced bill may Ik- scirciiti; 
whereby the associated denomination counter and/or aggregate value counter aro 
appropriately incremented and the sy.stem resumes operation. Aliernatnviy. in 
embodiments wherein the system is capable of determining denommaiioa rcLiia ui jss oi 
face orientation, the continuation key 1065 or a third key may be dcpmsscd whereby the 

30 system resumes operation and the appropriate denomination counter and/or total value 
counter is incremented in accordance with the denomination identified by the 
discriminating system. In systems that recjuire a specific lace orientation, any reverse- 
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faced bills will be unidentified bills. In systems that can accept a bill regardless of face 
orientation, reverse-faced bills may be properly identified. The later type of sysit^m may 
have a discrimination and authentication system with a scanhead on each side of the 
transport path. Examples of such dual-sided systems arc disclosed above. The ability lo 
5 detect and correct for reverse-faced bills is important as the Federal Rcservf \v\:\rrcs 
currency it receives to be faced in the same dircciion. 

in a multi-output receptacle system, ihe lace innde may f>e ii.scti U) mmh.: ;•!, iniU 
facing upward to one output receptacle and all bills facing downwarci \o aiioiiici ouipui 
receptacle. In single-sided discriminators, reverse-laced bills may he nMiiocI \o nn 

10 inspection station for manual turnover by the operator ujid the unideniincd rcvei sc-iiiceii 
bills may then be passed by the system again. In dual-sided systems, identified reverse- 
faced bills may be routed directly to an appropriate output receptacle. For cxanipic. in 
dual-sided discriminators bills may be sorted both by face orientation and h\ 
denomination, e.g., face up SI bills into pocket #1, face down $1 bills iniu po^Kci ??2, 

15 face up $5 bills into pocket #3, and so on or simply by denomination, regardless of face 
orientation, e.g., all $1 bills into pocket #1 regardless of face orientation, ail S2 hills into 
pocket #2, etc. 

(R) Forward/Reverse Orientation Mode 

Forward/Reverse Orientation mode ("Orientation" mode) is designed to 
20 accDmmodate a stack of bills all oriented in a predetermined forward or reverse 
orientation direction. For example in a system ihat feeds bills along their narrow 
dimension, the forward direction may be defined as the fed direction whereby tlic top 
edge of a bill is fed first and conversely for the reverse direction. In a system that feeds 
bills along their long dimension, the forward direction may be defined as ihe fed 
25 direction whereby the left edge of a bill is fed first and conversely for the reverse 
direcuon. In such a mode, when a stack of bills is processed by the system, the 
forward/reverse orientation of the first bill in the stack is determined and subsequent bills 
arc flagged if they do not have the same forward/reverse orientation. Alternatively, the 
system may be designed to permit the operator to designate the forward/reverse 
30 orientation against which bills will be evaluated with those having a different 

forward/reverse orientation being flagged. Assuming the first bill in a stack determines 
the relevant forward/reverse orientation and assuming the first bill is fed in the forward 



wo 98/47100 



i»CT'rs'>H;': 



direction, then provided all the bills in the stack arc also led m the lorwarci ciiiw iimi. nic 
display 63 will indicate the aggregate value of vac bills m the stack an.i/.-: ::..::;:v: 
bills of each denomination in the stack. Howevci . if a hill iiavjriL: lin.- v);.vn»SiU 
forward/i*cversc orientation is included in the si::ck. ihc >ysicm wiii ,^lo!i . !k : isiii.:: w m; 
5 the oppi'tsite iorvvard/reverse oriented hill l)eini: ine i;is! t>ill (icposiicd ;:; \ uc \>i.'y:\ 
receptacle. The opposite forward/reverse oriented bill then may be icivroxc.i ::\.;:. i!ie 
output receptacle. In automatic re-start embodiments, the removal of the opposite 
forward/reverse oriented bill causes the system to continue operating. The removed bill 
may then be placed into the input receptacle with the proper face orientation. 

10 Alternatively, in non-automatic re-start embodiments, the opposite forward/reverse 
oriented bill may be cither placed into the input receptacle with the proper 
forward/reverse orientation and the continuation key 65 depressed, or placed hack into 
the output receptacle with the proper forward/reverse orientation. Depending on the set 
up of the system, when a bill is placed back into the output receptacle with the proper 

15 forward/reverse orientation, the denomination selection key associated with the opposite 
forward/reverse oriented bill may be selected, whereby the associated denomination 
counter and/or aggregate value counter arc appropriately incremented and the system 
resumes operation. Alternatively, in embodiments wherein the system is capable of 
determining denomination regardless of forward/reverse orientation, the continuation key 

20 1065 or a the third key may be depressed whereby the system resumes operatiDri and the 
appropriate denomination counter and/or total value counter is incremented in 
accordance with the denomination identified by the system. In single-direction systems, 
any reverse-oriented bills will be unidentified bills. In dual-direction units, reverse- 
oriented bills may be properly identified by the discriminating unit. An example of a 

25 dual-direction system is described in United States Pat. No. 5,295.196. The ability to 
detect and correct for reverse-oriented bills is imponani as the Federal Reserve may soon 
require currency it receives to be oriented in (he same lorvvarciyreverse diieciKin 

In a multi-output receptacle system, the orientation mode may be used lo route all 
bills oriented in the forward direction to one output receptacle and all bills oriented in the 

30 reverse direction to another output receptacle. In single-direction discriminators, reverse- 
oriented bills may be routed to an inspection station for manual turnover by the operator 
and the unidentified reverse-oriented bills may then lie passed by ilic sysicm In 
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systems capable of identifying bills fed in both forward and reverse directions ("dual- 
direction systems"), identified reverse-oriented bills may be routed directly to an 
appropriate output receptacle. For example, in dual-direction systems bills may be sorted 
both by forward/reverse orientation and by denomination, e.g., forward SI bills into 
5 pocket #1, reverse $1 bills into pocket #2, forward $5 bills into pocket #3. and so on or 
simply by denomination, regardless of forward/reverse orientation, e.g., all $1 bills into 
pocket #1 regardless of forward/reverse orientation, all $2 bills into pocket ff2, etc. 

(F) Suspect Mode 

In addition to the above modes, a suspect mode may be activated in connection 
10 with these modes whereby one or more authentication tests may be performed on the 
bills in a stack. When a bill fails an authentication test, the system will stop with the 
failing or suspect bill being the last bill transported to the output receptacle. The suspect 
bill then may be removed from the output receptacle and set aside. 

(G) Other Modes 

15 A proof of deposit mode may be activated when a user presses a dedicated key on 

the machine. This mode enables the system to process checks, loan payment coupons, 
and other proof of deposit media. Another key may be pressed to activate bank source 
mode. When the machine is in this mode, the output documents are separated into 
documents from one source and documents from all other sources. For example, checks 

20 may be separated into checks issued from the bank whicli owns the maciiiric anti ; tift:ks 
issued by all other financial institutions. Such separation may be accompiisiic-j dv Lisini: 
two bins or one bin whereby the machine stops when an "outside"" check t i.e., . ;;cck 
from a non-owner fuiancial institution) is detected. Finally, the user may prc^s a key lo 
have the machine enter stored image mode. When operating in this mod-.-, ihc s\'*-acni 

25 holds deposit images at the machine which is later polled for data pickup by the central 
accounting system. Such a mode eases data congestion between the system and ihc 
central accounting system. 

Likewise, one or more of the above described modes may be aciivaic: s;:!r-. 
time. For example, the face mode and the forward/reverse orientation mode may he 

30 activated at the same time. In such a case, bills that are eitlier reverse-faced or u|)|)osiLe 
forward/reverse oriented will be flagged. 
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According to one enribodiment, when a bill is flagged, lor example, by siuppmi; 
the transport motor with the flagged bill being the last bill deposited in the ouipui 
receptacle, the discrimination and authentication unit indicatei; to the operator why the 
bill was nagged. This indication may be accomplished by, for example, liizhunti an 
5 appropriate light, generating an appropriate sound, and/or displayini! an appropriate 
message in the display section 1063 (FIG. 48). Such indication might include, I'or 
example, "no call", "stranger", "failed magnedc test'\ "failed UV test", "no security 
thread", etc. 

Means for entering the value of no call bills or other documents were discussed 

10 above in connection with FIG. 48 and the operating modes discussed above. Now 

several additional means will be discussed in connection with FIGs. 49-53. PIG. 49a is a 
front view of a control panel 2302 similar to that of FIG. 48, The control panel 2302 
comprises a display area 2304, several denominanon .selection elements 23()6:i-lz in the 
form of keys, left and right scroll keys 2308a-b, an accept selection element 23 10, and a 

15 continuation selection element 2312. Each denominanon selection element 230tba-g has 
a prompting means associated therewith. In FIG. 49a, the prompting me;ins aiv in the 
form of small lights or lamps 2314a-g such as LEDs. In FIG. 49a. the Hunt 23 i4d 
associated with the $10 denomination key 2306d is illuminated so as lo nronipi liic 
operator that a denomination of $10 is being suggested. Aliernaiivcly. iii^icad v>: ihc 

20 lamps 2314a-g being separate from the dcnorninaiion keys 23()6a-i:. tho ;ivMio:ni?Ktu(Mi 
keys could be in the fonn of illimitable keys whereby one of the keys 230ba-ii would 
light up to suggest its corresponding denomination to the operator. In place of. or in 
addition to, the illimitable lights 2314a-g or keys, the display area 2304 may contain a 
message to prompt or suggest a denomination to the operator. In FIG. 49a. the display 

25 area 2304 contains the message "$10?" to suggest the denomination of $10. hi thi: 

embodiment of FIG. 48, the display area 1063 may be used to suggest a dcnoniinaiion to 
the operator without the need of illimitable lights and keys. The value of any dtK'ument 
can also be entered via the keyboard, 

FIG. 49b illustrates a control panel similar to that of FIG. 49a except that the 

30 denomination keys have been replaced by numeric keys and a decimal point which are 
collectively referred to as 2314h. Additional lights 2314i-k are used by the system to 
suggest values to be entered by the user. The remainder of the panel limciions as 



wo 98/47100 



l'CT/tS98/07443 



109 

descrihcd above. This embodiment is particularly useful in processing linanciiii 
institution documents although it can be used for currency as well. 

The control panel 2402 of FIG. 50a is similar to the control panel 2302 of FIG. 
49a; however, the denomination selection elements 2406a-g, scroll keys 2408a-!). accept 
5 key 2410, and continuation key 2412 are displayed key^s in a touch-screen enviionmeni. 
1'o select any given key, the operator touches the screen in the area of tiic key u> 
selected. The operation of a touch screen is described in more dcuiii :!i c wmic": wnw 
FIG. 55. The system may coniain pmmpiin^ means U) >uguest a i!ciHMii,i..:i;> :; 
opcrator. For example, an appropriate message rn.iy \k' displavcu :n :i aisfua\ 24t*4. 

10 Altemaliveiy, or additionally, the prompting means may mclude means for higtdiuhting 
one of the denomination selection elements 2406a-g. For example, the appearance of 
one of the denomination selection elements may be altered such as hy rnakni:- liL^moi r<r 
dai'ker than the remaining denomination selection elements or revcrsip.i! inc v;ji- jivni.iv 
(e.g., mciking light portions dark and making the dark portions light or sv. -iwum- iru* 

15 background and foreground colors). Alternatively, a designated deno[nm:iuo:i si-ucuon 
element may be highlighted by surrounding it with a box, such as box 24 14 surn.tindint! 
theSlOkey 2406d. 

FIG. 50b illustrates a control panel similar to that of FIG. 50a except that the 
denomination keys have been replaced by numeric keys and a decimal point which are 

20 collectively referred to as 2313h. The remainder of the panel functions as drsci ihcd 
above. This embodiment is particularly useful in processing financial insiituiion 
documents although it can be used for currency as well. 

Another embodiment of a control panel 2502 is depicted in FIG. 5 1 a. The control 
panel 2502 has several denomination indicating elements 2506a-g in the form oi' menu 

25 list 2505, scroll keys 2508a-b, an accept selection element 2510, and a continuation 
selection element 2512. The various selection elements may be, for example, physical 
keys or displayed keys in a touch screen environment- For example, the menti lisi 2505 
may be displayed in a non-touch screen activated display area while the scroll keys 
2508a-b, accept key 2510, and continuation key 2512 may be physical keys or displayed 

30 touch screen keys. In such an environment a user may accept a denominational selection 
by pressing the accept key 25 10 when the desired denomination indicating element is 
highlighted and may use the scroll keys 2508a-b to vary the denomination indicating 
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element thai is highlighted. Alternatively, the denomination indicatinL^ l.^" ::..: ■: 

may themselves be selection elements such as by being dispiayed iouuii nv :v^;;: 
keys. In such an enibddiment a given denoiinnation cicmeni may t)c nutJc iv) :)c 
highlighted and/or selected by louching the scrc:-n in ihc area of one ot ilic ;io:ui:^imanon 
5 selection elements 250bii'g. The touching oTttic >creen in the area oi oiiL vj; 

denomination selection elements may simply cause the associated dcnonnnaiion selection 
clement to become highlighted requiring the touching and/or pressing of tfie :iccept key 
2510 or alternatively may constitute acceptance of the associated denomination selection 
clement without requiring the separate selection of the accept key 2510. The 

1 0 discrimination and authentication unit may contain prompting means to suggest a 

denomination to the operator. For example, an appropriate message may be displayed in 
a display area 2504. Alternatively, or additionally, the prompting naeans may include 
means for highlighting one of the denomination indicating elements 2506a-g. For 
example, the appearance of one of the denomination indicating elements may be altered 

15 such as by making it lighter or darker than the remaining denominadon indicating 

elements or by reversing the video display (e.g., making light portions dark and nuiking 
the dark portions light or swapping the background and foreground colors), in FIG. 51a, 
the hash marks are used to symbolize the altemaiing of the display of the SIO 
denomination indicating element 2506d relative to the other denomination indicating 

20 elements such as by using a reverse video display. 

FIG. 51b illustrates a control panel similar to that of FIG. 51a except that the 
denomination selection elements have been replaced by numeric and a decimal selection 
elements which are collectively referred to as 2506h. The remainder of the panel 
functions as described above. This embodiment is particularly useful in processing 

25 financial institution documents although it can be used for currency as well. 

Control panel 2602 of FIG. 52 is similar to control panel 2502 of FIG. 5 1 : 
however, the control panel 2602 does not have a separate display area. Additionally, the 
order of the denomination indicating elements 2606a-g of menu list 2605 is varied 
relative to those of menu list 2505. The order of the denomination, selection element may 

30 be user-defined (i.e., tlie operator may preset the order in which the denominations 

should be listed) or may be determined by the discrimination and authenucauon unit and 
be, for example, leased on the historical occurrence of no calls of each dcnonniuninii. 
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based oii the denomination of the most recently dciecied no calK based on vaiJu:..iL\i 
correlation values for a given no call bill, or perhaps based on random selecuon. Such 
criteria v^ill be described in more detail below. 

The control panel 2702 of FIGs. 53a and 53b comprises a display area 2704, an 
5 accept key 2710, a next or other denomination key 271 1, and a continuation key 2712, 
Alternatively, the accept key may be designated a "YES" key while the other 
denomination key may be designated a "NO" key. These keys may be physical keys or 
displayed keys. The system prompts or suggest a denomination by displaying an 
appropriate message in the display area 2704. If the operator wishes lo acce])i iliis 

10 denomination suggestion, the accept key 27 10 may be selected. If other the operator 
wishes to select a different denomination, the other denomination key 27 1 1 may be 
selected. If in the example given in FIG. 53a the operator wishes to select a 
denomination other than the $5 prompted in the display area 2704, the other 
denomination key 271 1 may be selected which results in prompting of a different 

15 denomination, e.g., $2 as shown in FIG. 55b. The "OTHER DENOM" key 271 1 may be 
repeatedly selected to scroll through the different denominations. 

The control panel 2802 of FIG. 54 is similar to that of FIGs. 53a-b and 
additionally comprises scroll keys 2808a-b. These scroll keys 2808a-b may be provided 
in addition to or in place of the other denomination key 281 1. The order in which 

20 denominations are suggested to an operator, for example, in FIGs. 53 and 54, may be 
based on a variety of criteria as will be discussed below such as user-defined criteria or 
order, historical information, previous bill denomination, correlation values, or j)rcvious 
no call infonnation. 

Now several embodiments of the opcranon of the control panels siici: as ciuse ol 
25 FIGs. 48 and 49-54 will be discus.sed. These can be employed in conjunction with a 

variety of discriminators and scanners. In particular, several methods for reconciling the 
value of no call bills will be discussed in conneciion wiih these control panels A> 
discussed above, for example, in conneciion with the several previously ticscnnjj 
operating modes, when a .system encounters a no call bill, that is, when a svsicui is 
30 unable (o determine or call the denomination of a bill, any counters kcepin*: i:-acK of the 
number or value of each denomination of bills or of the total value of the bills processed 
will not include the no call bill. Traditionally, any no calls bills had to be .set aside and 
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manually counted by hand with the operator being required to add their values lo the 
totals provided by the discrimination and authentication unit or the full-imaging unit. As 
discussed above, this can lead to errors and reduced efficiency. To counter this problem, 
according to an embodiment of the present invention, means are provided for 
5 incorporating the value of no call bills, in single pocket systems, reconciliation may be 
accomplished on-the-fly with the system suspending operation when each no call is 
encountered, prompting the operator to enter the value of the no call, and then resuming 
operation. In multi-output pocket systems, no call bills may be reconciled cither on-thc- 
fly or after the completion of processing all the bills placed in the inpui hopper or ancr 

10 completion of processing some other designated batch of bills. Under the first approach, 
the operation of the system is suspended when each no call bill is detected with or 
without the no call bill being routed to a special location. The operator is tlicn prompted 
to enter the value of the no call where upon the system resumes operation. Based on the 
value indicated by the operator, appropriate counters are augmented. Under the second 

15 approach, any no call bills are routed to a special location while the discrimination and 
authentication unit or the full image processing unil continue processiiiL; si.:»s. i:.-.::: h;i; . 
When all the bills have been processed, the operator is prompted lo rccor.ci;v ;:x va!;ics 
of any intervening no call bills. For exani[)le, assuriu: :i stack oi i iny i>iiis i.n |M;u:tM in iiu: 
input hopper and processed with four no calls being routed lo a sep:ir;iic outpui icLcpiaclt' 

20 from the receptacle or receptacles into which ih^: i>!lls whose dcnotiiinaiitjus im\c iiccii 
determined. After all fifty bills have been processed, the operation of the transport 
mechanism is halted and the operator is prompted to reconcile the value t)i the nun no 
call bills. The methods for reconciling these four no calls will be discussed I^c!;-a al ter 
describing several denomination indicating and/or prompting means and i-vjtiKjv.:.-,. 

25 Alternatively, instead of waiting until all the bills in the stack have been processed, liie 
system may prompt the operator to reconcile the value of any no call bills while the 
remaining bills art still being processed. When the operator indicates the denotninaiions 
of the no call bills, appropriate counters are augmented to reflect the value of the no call 
bills. 

30 Several embodiments of means for peimitting the operator to indicate the \ :\\\\c oi 

a flagged bill or document such as a no call and/or for prompting the operai. '? is 
value of a flagged bill such as a no call will no w be discussed. A first niciiiou was 
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discussed above in connection with several operating modes and in conncciion u uh FIG. 
48. According to one embodiment, the control panel of FIG. 48 comprises denomination 
indicating means in the form of the denomination selection elements 2064a-g for 
permitting the operator to indicate the denomination of a bill but does noi adciiiionally 
5 comprise means for prompting the operator as to the denomination of a panicuiai bill. 
Under this method, the operator examines a no call bill. If the bill is acceptable, the 
operator selects the denomination selection elemenl associated with the deni)iniiiaiion nl' 
the no call bill and the appropriate counters arc augmented to reOect the vaiue .i: liie ivo 
call bill. For example, if the operator determines a no call bill is an acceptable S iU bill, 

10 the operator may press the S 10 selection element 2064c of FIG. 48. If the operation of 
the system had been suspended, the selection of a denomination selection causes the 
operation of the system to resume. In a on-the-fiy reconciiiaiini: machine : :.v . : 
suspends operation upon detection of each no call bill), if the openuor tie[e^:^lip.L^^ ih:u 
particular no call bill is unacceptable, a continuation scieciion cleniciu liiav vic sc. jeie.i lu 

15 cause the system to resume operation without neiiativciy affecting the staui.s of anv 

counters. Under this approach, the denomination selection elements provide M.e iiperaioi 
with means for indicating the value of a no call bill. In FIGs. 49-54, additional examples 
of means for indicating the value of no call bills are provided. For example, in FIGs. 49- 
52, according to one embodiment, a denomination may be indicated in a similar manner 

20 by pressing one of the denomination selection elements. Alternatively, or additionally, a 
denomination may be indicated by selecting one of the denomination selection elements 
and selecting an accept key. Another example of a method of indicating a particular 
denomination selection element would be by utilizing one or more scroll keys. The 
selection of a denomination selection element may be indicated by, for example, the 

25 lights 2314 of FIG. 51, or by highlighting a particular selection element as in FIGs. 50- 
52. Ahematively a displayed message, as in FIGs. 49-51 . 53, and 54, may be used to 
indicate which denomination is currently selected. The scroll keys could be used to alter 
which denomination is presently selected, for example, by altering which light 2314 is 
illuminated, which selection element is highlighted, or which denomination appears in 

30 the displayed message. Selection of an accept key while a particular denomination is 
selected may be used to indicate the selected denomination to the discrimination and 
authentication unit or the full image processing unit. 
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In addition lo means for pernnitting the operator to indicate the denonuiKiiiOii t>! 
one or more no calls, a document processing system may be provided with, owj :r.<vv 
means of prompting the operator ;is to the dciuimiiKiiuMi oi' n r.n . ..11 ■).::. ; . 
can be the means used lo indicate which dcnoiinuiiioii i< cui ivntiv ^-■k\ . . w 
5 lights 2314 of FIG. 49, the highlighting of FlGs. 50 32. and/or tiie tiispiayen mcsNaiic oi 
FTGs. 49-51, 53, and 54. Several methods that may be employed in prompting the 
operator to enter the value of one or more no call bills will now be disciissetl. 

A system containing means for pronipiiiiii an operator as tu the \ . i 
bill or document may base its selection of the denomination to be prompicn 

10 operator on a variety of criteria. According to one embodiment, ciefauU dLMU)iiii:i;nioii o: 
sequence of denominations may be employed to prompt a denomination to an opcM aior. 
For example, the system may begin by prompting the lowest denomination, e.g., ;i; I 
Alternatively, the operator may begin by prompting the operator with the first 
denomination in a pre-defined sequence or on a menu list. The order of the 

15 denominations in the sequence or on the menu list may be a default order» e.g., increasing 
or decreasing denominational order, user-defined order, manufacturer-deiinetl order. 

According to another embodiment, a denomination to be prompted to the operator 
is determined on a random basis. The system simply randomly or pseudo-randunily 
chooses one of a plurality of denominations and suggests this denomination to the 

20 operator The denomination prompted to an operator may remain the same for all no call 
bills or alternatively, a new randomly selected denomination may be chosen for each no 
call encountered. If the operator agrees that a given no call bill is of the denomination 
suggested by the prompting means and finds the particular no call bill to ho acccniable, 
the operator may simply choose the accept element or the corresponding denomination 

25 selection element depending on the embodiment of the control panel employed. If the 
operator finds a particular bill to be acceptable but does not have the suggested 
denomination, the operator may alter the denomination that is selected by, for example, 
altering the displayed suggested denomination by using the scroll keys, scrolling among 
the plurality of denomination selecuon and/or indicating elements, or directly selecting 

30 the appropriate denomination by pressing or touching the appropriate denonnnaiion 
selection element. If the operator finds that a no call bill is not acceptable. \\vj operator 
may simply select a continuation key. 
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According lo another embodiment, i\ dciiominaiion lo be prompied lo lUe uperaior 
is determined on the basis of the denomination of the last bill that was identified by the 
system. For example, suppose tlie tenth bill in a stack was determined by the system to 
be a $10, the eleventh bill was a no call and indicated by the operator to be a S.S nilL and 
5 the twelfth was a no call bill. According to this embodiment, the system would suggest 
to the operator that the twelfth bill is a $10 bill. The operator may accept this suggestion 
or alter the suggested denomination as described above. 

According to another embodiment, a denomination to be prompted to the operator 
is determined on the basis of the denomination of the last no call bill as indicated by the 

10 operator. For example, suppose the tenth bill was a no call and indicated by the operator 
to be a $5 bill, the eleventh bill in a stack was determined by the system to be a S 10, and 
the twelfth was a no call bill. According to this embodiment, the system would suggest 
to the operator that the twelfth bill is a $5 bill. The operator may accept this suggestion 
or alter the suggested denomination as described above. 

15 According to another embodiment, a denomination to be prompted to the operator 

is determined on the basis of the denomination ol the immediately preceding bill, 
regardless of whether the denomination of that bill was determined by the system or was 
indicated by the operator. For example, suppose the tenth bill in a stack was determined 
by the system to be a $10, the eleventh bill was a no call and indicated by the operator to 

20 be a S5 bill, and the twelfth was also a no call bill. According to this embodiment, the 
system would suggest to the operator that the twelfth bill is a $5 bill. The operator may 
accept this suggestion or alter the suggested denomination as described above. 

According to another embodiment, a denomination to be prompied to the operator 
is determined on the basis of historical information concerning no call bills such as 

25 statistical information regarding previous no call bills. For example, suppose that for a 
given system 180 no calls had been encountered since the system was phiccii :n .^crvuc 
According to this embodiment, information regarding Uiesc nt> cails is siujim lu iiicniorv 
Assume that of these 180 no call bills. 100 were uidicaicd by the oneraior lo nc S5s. 50 
were $10s, and the remaining 30 were $20s. According lo this cmbodinKMii. system 

30 would suggest to the operator thai a no call hill was a .S*5. The opcraio: auiv jim ihi-. 
suggestion or alter the suggested denomination as described above. V .u iatioti.s un liic 
data which constitute the historical basis may be made. For example, the hisuirical basis 
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according to this embodiment may be all no calls encountered since a given machine was 
place in service as in the above example, the last predetermined number of no calls 
detected, e.g., the last 100 no calls detected, or the last predetermined number of bills 
processed^ e.g.» the no calls encountered in the last 1000 bills processed. Alicrnaiively, 
5 the historical basis may be set by the manufacturer based on historical data retrieved from 
a number of systems. 

According to another embodiment, a denomination to be prompted to the operator 
is determined on the basis of a comparison of information retrieved from a l:ivc!i no call 
bill and master information associated with genuine bills. For example, in some sysiems, 

10 the denomination of a bill is determined by scanning the bill, generating a scanned 
pattern from information retrieved via the scanning step, and comparing (he scanned 
pattern with one or more master patterns associated with one or more genuine bills 
associated with one or more denominations. If the scanned pattern sufficiently matches 
one of the master patterns, the denominanon of the bill is called or determined to be the 

15 denomination associated with the best matching master pattern. However, in some 

systems, a scanned pattern must meet some threshold degree of matching or correlation 
before the denomination of a bill will be called. In such systems, bills whose scanned 
pattern docs not sufficiently match one of the master paiicms are not caileti, i .c ihcv arc 
m) calls. According to the present enihodiincni, iiie sysiciu would su^lic.n! '.i;.. .;:)c]a(wi 

20 that a no call had the denomination associated wiih the master pattern that most closely 
matched its scanned pattern even though that match was insufficient to call the 
denomination of the bill without the concurrence of the operator. The operator may 
accept this suggestion or alter (he suggested denoimnaiioii as dcscnhcu :::)<<\ ; im: 
example, in a system similar to that described in U.S. Pat. No. 5.295.1%. ii!-.* s> si,]:i i:ui\ 

25 prompt the operator with the denomination associated wiih ihc masicr paiiL*rn i:iai iia> itK' 
highest correlation with the scanned pattern associated with the given no cal! hill Tor 
example, if the highest correlation for a bill is below 800, the bill is a no call bill. In such 
a case, assume the highest correlation is 790 and this correlation is associated with a $1 
bill. When this no call bill is to be reconciled, the system would suggest to the operator 

30 that the no call was a $ 1 bill. 

According to another embodiment, a denomination to be prompted lo the ofieraior 
is determined on the basis of preset criteria established by the manuraciurcr. I'Dr 
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example, in FIG. 62, ihe denominalion inclicaliiig elements are arranged in increasing 
denominational order. The system may be designed to default so that a given one of 
these denomination selection elements is initially highhghted when no call hills arc to be 
reconciled. For example, for each no call the S 10 element 2506d may iniiiailv ik- 
5 selected. Alternatively, the system may be designed to default to the fusi ticiumnnaiiOM 
selection element listed, e.g., the SI denomination element 2506a. 

According to another embodiment, a denomination to be prompted to the opcraior 
is determined on the basis of user-defined criteria set by the operator of a docuniuu 
processing system. For example, in FIG. 51, the operator may designate the system to 

10 deAiult so that a given one of the denomination indicating elemenis is initially 

highlighted when no call bills are to be reconciled. For example, for each nr> l ;::! the 
operator may designate that the $10 element 2506d is to he iniiialiy sc; : 
operator may be permitted to set the default no call dcnoininaiion. for c\a::i|:.'j. ... u .^cl 
up mode entered into before bills in a stack are f)rueesscd. 

15 ill addition to the ways discussed above wherehy an iniuai ccno:n::iaM'.):: 

prompted to the operator in connection with the reconciling a no call bill, accurciing to 
other embodiments one or more alternate denominations are may also be suggested. For 
example, according to the method whereby the initial bill is suggested m ihe operator 
based on the denomination associated with a master pattern having the i.ii::-;-..! 

20 correlation relative to a scanned pattern, if the operator rejects the initial suggesiion. the 
system may be designed to then suggest an alternate denomination based on the iiiasicr 
pattern associated with a genuine bill of a different denomination having the next highest 
correlation value. If the operator rejecLs the second suggestion, the system may be 
designed to then suggest a second alternate denomination based on the master pattern 

25 avssocialed with a genuine bill of a different denomination having the next highest 
correlation value, and so on. 

For example, suppose the highest correlation was associated with a S 1 , ihe second 
highest correlation was associated with $10, and the third highest correlation was 
associated with $50. According to this embodiment, the system would initially suggest 

30 that the no call was a $1 . If the operator determined the no call was not a $ 1 , the system 
would then suggest that the no call was a $10. If the operator determined the no call was 
not a SIO, the system would then suggest that the no call was a $50. For example. 
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according to the embodiment of FIGs. 64a-b. the system would first ask whether ihe no 
call was a $1 by displaying the message "$1 ?" in the display area 2704, If the no calJ was 
a $h the operator would depress the accept or yes key 2710. If the no call was mn a S i 
bill, the operator would depress the other denonniuuion or no key 27 I ! . :i! u r \::\si\ 
5 the display area would display the message "$10?" and so on. Alicmaiivciy. the 

denomination selection elements may be arranged so that their reiaiivc orticr is ;t;isc(i on 
the correlation results. For example, taking the menu list 2605 of FIG o3. ilv.- 
denomination elements may he ordered in the orjcr of decreasing cor:i':;:i:.i: \ -.m; . 
according to the previous example with the SI donomiiiaiion clemcin bcin\i Iisilc: fnsi. 

10 the $10 denomination element being listed second, the S50 denonunauuii cicmciu hciiiLi 
listed third and so on. Alternatively, the denoiinnaiion vrleineitts may \ c iisu:;: t:n- 
reverse order. According to another embodiment, the denomination clement associated 
with the highest correlation may be listed in the middle of the list surrounded by the 
denomination elements associated with the second and third highest correlations, and so 

15 on. For the above example, the $1 element 2606a would be listed in the middle of the 
menu list 2605 surrounded by the S 10 element 2606d on one side and the $50 clement 
2606f on the other side. 

Likewise, the order in which denominations are suggested to the operator and/or 
arranged on the control piinel may be based on other criteria such as those described 

20 above, such as the prior bill information (e.g., last bill, last no call, last call 

denomination), historical information, user-defined order, manufacturer-defined order, 
and random order. For example, using the historical data example given above based on 
180 no calls (100 $5 no calls, 50 $10 no calls, and 30 $20 no calls), the order that 
denominations are suggested to the operator may be first S5, then $10, and then $20. 

25 Alternatively, using the last bill information and assuming the following sequence of 
bills ($2, $5, $5, S5, $20, $10, no call indicated to be a $50, no call); the system would 
suggest denominations for the last no call in the following order: $50, SIO, $20, $5, S2. 
Likewise the order in which the denominations are arranged on a control panel such as in 
RGs. 52 and 50 may be determined based on such information, for example, according 

30 to the orders described above in connection with using correlation values. For example, 
the denominations may be listed in the prompting order suggested above (e.g., $5. $10, 
$20 in the historical information example and $50, $10, $20, $5, $2 in the last bill 
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example). Altenuilively ihey may be lisied in ilie leveise order. Alternatively, liiey niay 
be arranged with the first suggested dcnominaiion being in the center of the list and being 
initially highlighted or selected. This llrsi suggested denomination may smN (111111011 hv 
the second and third suggested denominations which arc in turn siirrouiuicc: tn- 1:1c loun:: 
5 and fifth suggested denomination, and so on. A default sequence may ru* usl^i: ir nvuk- 
the order for any remaining denominations which are not dictated by a particular 
prompting criteria in a given situation. In the above examples, the denominations might 
he arranged on a menu list in the following orders: S2, $1. $10, $5, $20, $50, SI 00 for 
the historical information example and $1. $5, $10, $50, $20, S2, $100. In general, an 

10 example of a listing order according to this approach could be from top to bottom: 6th 
priority or suggested denomination, 4th, 2nd, 1st, 3rd, 5ih. and 7th. 

Embodiments iuranging the respective order in which denominations are 
suggested to the operator and/or displayed on the control panel will likely aid the 
operator by reducing the projected number of times the operator will need 10 hit one of 

15 the scroll keys and/or "OTHER DENOM" or "NO" key. 

Now several methods will be described in connection reconciliation of no calls in 
multi-output pocket machines after all bills in a stack have been processed. Recalling a 
previous example in which four no call bills were separated out from a stack of lifty bills 
and the machine halted after processing all fifty bills, the system then prompts xivz 

20 operator to reconcile the value of the four no call bills. For example, assume (he no call 
bills corresponded to the 5th, 20th, 30th, and 31st bills in the stack and were $2, $50. 
$10, and $2 bills respectively. The degree of intclhgcnce employed by the system in 
prompting the operator to reconcile the value of the no call bills may vaiy depending on 
the particular embodiment employed. According to one embodiment the operator may 

25 depress or select the denomination selection elements corresponding the denominations 
of the no call bills without any prompting from the system as to their rt snccii \ r 
denominations. For example, using the control panel ot FIG. 48, the ont'nnor u ouici 
depress the $2 selection element 64g twice, the S\0 selection element 1064c vin.c. atui 
the $50 selection element 1064e once. The system may or may nut iilfitrm liic operator 

30 that four no call bills must be reconciled and may or may not Imm the operator H) 

entering four denominations. Likewise, in other embodiments, the operator may use the 
scroll keys to cause the desired denomination to become selected and then depress the 
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accept key. Alternatively, a numerical keypad may be provided for permitting the 
operator to indicate the number of bills of each denomination that have not been called. 
For example, the above example, the operator could use the scroll keys so that the $2 
denomination was selected, then press "2" on the keypad for the number of $2 no calls in 
5 the batch, and then press an enter or accept key. Then the operator could use the scroll 
keys so that the S 10 denomination was selected, then press "1" on the keypad for the 
number of $10 no calls in the batch, and then press an enter or accept key and so on. The 
keypad may comprise, for example, keys or selection elements associated with the digits 
0-9, 

10 Alternatively, the system may prompt ihe operator as to the denoniinaiiun of each 

no call bill, for example, by employing one of ihc prompting methods discussed above, 
e.g., default, random, user-defined criteria, manufacturer defined criteria, prior bill 
information (last bill, last no call, last called denomination), historical information, 
scanned and master comparison information (e.g., highest correlation). For example, the 

15 system may serially interrogate the examiner as to the denomination of each no call, for 
example, the display may initially query "Is 1st no call a $2?". Depending on the 
embodiment of the control panel being used, the operator could then select "ACCEPT" or 
"YES" or select the $2 denomination selection clement, select "OTHER DENOM" or 
"NO" or use the scroll keys or select the appropriate denomination selection cicinom, or 

20 if the operator finds the first bill unacceptable, the operator may put the first no cull bill 
aside and select "CONT". The system may then queiy the operator as to the 
denomination of the second no call bill, and so on. The denomination proinriU^i ..j ilic 
operator would depend on the prompting criteria enjpk)yed. For exainiMc:. sit;)[>osc iiic 
prompting criteria was the denomination of the preceding bill and lunhcr suppose thai m 

25 the four no call example given above thai the lirs! hil! wns a .^2. the iiu: r^il! w.:-. 

the 3rd hill was a $1, the 4th bill was a Si. the i^nh bili was a $5(j. liie l^'iii oi : ^^ a 
$10, and as stated above, the 30th bill was a $10. The system would then prompt the 
operator as to whether the first no call was a $1 . Since the first no call is a S2, the 
operator would choose "NO", "OTHER DENOM", scroll, or hit the $2 selection clement 

30 depending on the embodiment be used. If the "NO" or "OTHER DENOM" key we to 

pressed, the system would review the preceding bills in reverse order and suggest the first 
denomination encountered that had not already been suggested, in this case a S 10. If the 
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"NO" or "OTHER DENOM" key were pressed iigain, liie system would then suggest a 
$2. A predetermined default sequence may be utilized when prior bill informaiion does 
not contain the desired denomination. Once the operaior inthcaies thai the liisi nn call is 
a S2, the system would then prompt the operator as lo whether the secumj no culi was a 
5 $50. Since the second no call was indeed a $50 the operaior would chunsc *■ A( a iiiP 1". 
"YES", or select the $50 denomination selection element depending on ilie en-ioocumcni 
chosen. The system would then suggest that the third no call was u $10 ;uni liic upcraior 
would similarly indicate acceptance of the SIO suggested denominaiion. FinalJy, the 
system would suggest that the fourth no call was a S 10. Since the last no call was a $2, 

10 the operator would reject the $10 suggestion and indicate that the fourth no call hill was n 
$2 as described above. The operation of a document processing system using a Jiffcrcni 
prompting criteria would proceed in a simikir manner and as described above wiiii 
respect lo each of the described prompting methods. 

While discussed above with respect lo no calls, the above einfiotiMiH^fih . on Id 

15 also be employed in connection with other types at llaggcd bills sucii as re wrsc i accd 
bills, reverse forward/reverse oriented bills, unfit bills, suspect bills, etc. 

Referring now to FIG. 55, the touch screen I/O device 2956 includes a touch 
screen 2960 mounted over a graphics display 2961. In one embodimeni. ihc :!?^;m;!v 2W> 
is a liquid crystal display (LCD) with backlighting. The display may ha.c. :.>: . x.-iupic. 

20 128 vertical pixels and 256 horizontal pixels, iuc display 296 1 com;iui.sa nviiii-::. 

character generator which permits the display 2961 to display text and numbers Having 
font and size pre-defined by the manufacturer of the display. Moreover, a controller such 
as a CPU is programmed to permit the loading and display of custom fonts and shapes 
(e.g., key outlines) on the display 2961. The display 2961 is commercially available as 

25 Part No. GMF24012EBTW from Stanley Electric Company, Ltd., Equipment Export 
Section, of Tokyo, Japan. 

The touch screen 2960 may be an X-Y matrix touch screen forming a mairix of 
touch responsive points. The touch screen 2960 includes two closely spaced but 
normally separated layers of optical grade polyester film each having a set of parallel 

30 transparent conductors. The sets of conductors in the two spaced polyester sheets are 
oriented at right angles to each other so when superimposed they form a grid. Along the 
outside edge of each polyester layer is a bus which interconnects the conductors 
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supported on that layer. In this manner, eleciriciil signals rrom ihe cunducu)rs 
transmitted to the controller. When pressure from a finger or stylus is applied lu liie 
upper polyester layer, the set of conductors mounted to the upper layer is cieriuciod 
downward into contact with the set of conductors mounted to the lower polyester layer. 
5 The contact between these sets of conductors acts as a mechanical closure of a switch 
element to complete an electrical circuit which is detected hy the controller iiut'i-i'h liu: 

respective buses at the edges of the two polyesicr liiycrs. thereby prc^v 

detecting the X and Y coordinates of the switch cUisuru. A inairix uu:.t. iv:. ; .: . ';!■; 
the above type is commercially available from ijvnapro Thin [-iln; i'l^itiu^i.^. o\ 

10 Milwaukee, Wisconsin. 

As illustrated in FIG. 55, the touch scree:: 2960 form.^ a matrix o: iuijciv-mx 
optically transparent switch elements having six columns and sixteen rows. The 
controller is programmed to divide the switch elements in each column into groups of 
three to form five switches in each column. Actuation of any one of the ihrct- switch 

15 elements forming a switch actuates the switch. The uppennost switch elcmeni in eacii 
column remains on its own and is unused. 

Although the touch .screen 2960 uses an X-Y matrix of optically transparent 
switches to detect the location of a touch, alternative types of touch screens may be 
substituted for the touch screen 2960. These alternative touch screens use such well- 

20 known techniques as crossed beams of infrared light, acoustic surface waves, capacitance 
sensing, and resistive membranes to detect the location of a touch. The structure and 
operation of the alternative touch screens are described and illustrated, for example, in 
U.S. Patent Nos. 5,317,140, 5,297,030, 5,23 1,3.S1, 5,1 ys.976. 5,184,1 15, 5,105,186, 
4,931,782, 4,928,094, 4,851,616, 4,8 1 1,004, 4,806,709. and 4,782,328. which are 

25 incorporated herein by reference. 

The details of conducting a document transaction are illustrated in FIG. 56a. The 
funcdonality described below may reside at a single location or may be split across 
several locations throughout the document processing system, for example, in the full 
image scanner, at the central office computer, and at a personal comptitcr attached to the 

30 document processing system. The user loads mixed documents at step 1 la into the 
machine. This can be accomphshed, as discussed above, by placing the documents in 
receptacle 16 on the machine. Next, still at step 1 la, the user initiates the processing of 
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the docLiniems. This can be accomplished, for example, by having the user p^c^^ a sum 
key on a touch screen on the communications panel 26. as discussed above. \o miiiaic a 
transaction. By "document transaction", it is meant to include noi oniv ail diK ti!iu-ms ;is 
described above, but also all forms of storage media including all forms of magnetic 
5 storage media (e.g., sman cards, debit cards), all forms of optical storage inciu-.i i e.<:., CD 
disks) and all forms of solid state storage media. Stored on the media is an amount 
indicating an amount of funds. 

The machine attempts to identify the document at step 1 lb. If step 1 lb fails to 
identify the document, several alternatives are possible depending upon the exact 

10 implementation chosen for the machine. For example, as described previously, if it fails 
to identify the document, the system can use two canisters and place an unidentified 
document in a "no read'* canister. Alternatively, at step 1 Id, the machine can be stopped 
so that the user can remove the ''no read" document immediately. In this alternative, if 
the document can not be recognized by the machine, the unidentified document is 

1 5 diverted, for example, to a return slot so that it can be removed from the machine by the 
user. Also, the image can be displayed on the teller's video terminal so that the teller can 
analyze the image without removing the document. Alternatively, the teller may 
physically remove the document from the output receptacle, inspect the document and 
then enter the missing data so the document could be processed. After completing these 

20 steps, the system returns to step 1 lb to identify the other loaded documents. 

In the event that the user wishes to deposit **no read" document that are returned 
to the user, the user may key in the value and number of such document and deposit them 
in an envelope for later verification. A message on the display screen may advise the 
user of this option. For example, if four SI 0 bills are returned, then re-deposited by the 

25 user in an envelope, the user may press a "$10" key on the keyboard four times. The user 
then receives immediate credit for all the documents denominated and authenticated by 
the scanner. Credit for re-deposited "no read" documents is given only after a bank picks 
up the envelope and manually verifies the arnouiu. Alternatively, at least prcfer:eu users 
can be given full credit immediately, subject to i:itcr verification, or imnh't:t:ue . : e;-n 

30 be given up to a certain dollar limit. In the case of counierfeil docuiacnis thai are not 
returned to the user, the user can be notified of the detection of a counterfeit suspect at 
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the machine or later by a written notice or personal call, depending upon the prci'ert;nces 
of the financial institution. 

If step lib identifies the documents, next, at step 1 le, the machine attempts to 
authenticate the documents to determine if the documents are genuine. The 
5 authentication process is described in greater detail below. If the documents are not 
genuine, then the system proceeds to one of three steps depending upon which option a 
user chooses for their machine. At step 1 If, the system may continue operation and 
identify the suspect documents in the stack. In this alternative, a single canisicr is used 
for all documents, regardless of whether they are verified bills, no reads, or counicrfeit 

10 suspects. On the other hand, at step 1 Ig the muctiine inny ouisori the currcnL-y, n>r 
example, to a reject bin. The machine may also return the suspect currency at step 1 Ih 
directly to the user. This is accomplished by diverting the currency to the return slot. 
Also, the machine maintains a count of the total number of counterfeit documents. If this 
total reaches a certain threshold value, an alarm condition will be gcaeratccl. The alarm 

15 condition may be handled, for example, by turning on a light on the machme or by 
alerting the central office. 

As mentioned above, the system may use a single canister to hold the documents. 
If a single canister system is used, then the various documents are identified within the 
single canister by placing different colored markers at the top of different documents. 

20 These documents are inserted into the bill transport path so they follow the respective 
bills to be inserted into the canister. Specifically, a first marker, e.g., a marker ol a firsi 
color, is inserted to indicate the document is a counterfeit suspect thai is noi lo nc 
returned to the user. A second type of marker, e.g., n marker ol" a seconii coivt; . h - 
inserted to indicate that the document is a counicrr'cit suspect. A third type oi marker, 

25 e.g., of a third color, is inserted to indicate that a marked batcli of cuJcmncntN ivi ivsenis a 
deposit whose verified amount did not agree with the user^s declared balance, because 
this third type of marker identifies a batch of documents instead of a single document, it 
is neces,sary to insert a marker at both the beginning and end of a mai ked baicii. Viie 
marker couJd var>' in size, contain bar-codes, or vary in color to casily idcnni . i i'.aviv, 

30 types of documents such as checks and currency. 

If the document is authenticated, the total count Bioui and bin count Be„»,ui (where 
"i" is the "ith" bin) are incremented at step Hi. The total count B,omi iii tised by the 
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machine to establish the amount deposited by the user and the bin counts are used to 

detenninc the amount of documents in a particular bin. 

The machine then determines whether sorting is required ai step 1 i |. ii ttic 

answer is affirmative, then the document is sorted by denomination ai step 1 1 k. Rather 
5 than using single or double bins, as described above, this option includes a bin tor each 

denomination and a bin for each type of document sucli as checks and loan coupons. A 

bin would also be designated to receive a combination of documents. For example, one 

bin could be designated to bank proof-of-deposit documents such as checks, loan 

coupons, and savings deposit slips. Sorting is accomplished by a sorting and counting 
10 module which sorts the documents placing each denomination in a specific inn The 

sorting algorithm used can be any that is well known in the art. 

After sorting at step 1 Ik or if the answer to step 1 Ij is negative, the machine 

proceeds to step 1 11. At step 1 11, the machine tests if the document bin in use is full. 

That is, the machine compares Bcnumi to the maximum allowed for ;t bin. Ii it is ntil, ai 
15 step 1 Im, the machine detennines if there is an empty document bin. If there is no empty 

document bin available, at step 11m, the machine stops. The document is empiu^d nt .step 

I In. If an empty document bin exists, the machine switches to the cmpiy bin av..: :)lacc> 

the document into that bin at step 1 1 p. 

At step I lo, the system determines when ihc last document in mc acnDsii-a stack 
20 of documents has been counted. If counting is complcic. the miichinc is su^piH'ii :v siop 

llq. 

The transport mechanism may also incluac an escrow holding area wn-vMv mc 
document being processed in a pending deposit transaction is held until the transaction is 
complete. Thus, from step 1 Iq, the system proceeds to step 1 Is, to determine if escrow 

25 has been enabled. If escrow has not been enabled, the count of the machine is accepted 
at step 1 1 u and the total amount B|„,ai is posted to the user at step 1 1 v. If escrow has been 
enabled, at step 1 Ir, the user is given the choice of accepting the count. If the user 
decides not to accept the count, at step 1 It, the document is returned to the user. From 
step lit, the machine proceeds to step 1 la where the user is given another ciiancc of 

30 counting the document. If the user decides to accept the count at step 1 1 r, the machine 
proceeds to step 1 lu where the count is accepted and step 1 Iv where the total count is 
displayed to the user. At this point, the document counting transaction is compieie. 
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A coin transaction is described in greiiiei deiail in FIG, >6l. As siiovvu. 
customer loads mixed coins into the system at sicp 12a. The coins arc .>c)ncd. 
authenticated, and bagged one at a time. At step 12b, the machme sons iiie com. 
The sotting process is described in greater detail below. At step 12c, the machine 
5 determines if the coin is authentic. This process is also described in greater detail 
below. If the coin is not authentic, the machine outsorts the coin to a reject bin ai 
step 12d and then proceeds to step 12i and determines if counting and soriiniz is 
complete. 

Ifthe coin is authentic, the coin coum Cm -j and hag count C^v,:M i wntMi' 
10 represents the "ith" bag) is incremented by one ai step 1 2c. The sysicn. juni^i 
Ctniai represents the total value of the coins deposited while the bag count 
represents the number of coins in a bag. After sorting and authenticating the coin, 
the system attempts to place the coin in a bag at step 12h. All corns can he placed 
in one bag or one bag per denomination can be used. Altemativety, any number 
15 of denominations, for example, two, could be placed in a bag. Ai step I2h. ihc 
system checks to see if the limit of the bag has been reached. That is, the system 
compares Cbagi to the predetermined limit for a bag. If the limit has been reached 
for the bag in current use (e.g., bag A), the machine next checks to see if another 
bag (e.g., bag B) is full at step 12f. If bag B is full, the machine is stopped and an 
20 operator empties the bag at step 12g. If the other bag (e.g., bag B) is not full, then 
at step 12i the machine switches to this bag and the coin is placed there. The 
machine then proceeds to step 12j where a test is performed to determine if 
counting is complete. 

At step 12j, the machine determines if sorting is complete. This is 
25 accomplished by sensing whether there are additional coins to sort in the coin bin. 
If sorting is not complete, the system continues at step 12b by counting and 
sorting the next coin. 

If sorting has been completed, at step 12k the machine checks wiieiher the 
escrow option has been enabled. If it has, at step 1 21, the machine asks the 
30 customer whether they wish to accept the count. If the customer replies in the 
affirmative, at step 12m the machine accepts the count dotal and posts the total to 
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the customer. If the customer replies with a negaiive aiiswer at step 121. then the 
machine returns the coins to the customer at step 12n and the coununL' i'^ 
complete. 

if escrow has not been enabled, the inaL-riuic chv-cks at s\c\^ i Iv \ - -jv :: i-.;.- 
3 been pressed. If it has, the machine stops. If siup has not been pressed, ihcn :lie nuiclimc 
wails for a certain period of time lo time out at sicp \ 2\^ and stops w hen ims umc pt^noct 
has been reached. 

The operation of the distribution step is now described in greater detail. As 
mentioned previously, at step 10c of flowchart of FIG. 2, the user allocates liie amount 

10 deposited, whether the amount deposited is in the form of bills or coin. This step is 
illustrated in detail in FIGs. 58b, 58c, and 58d. 

The machine inputs the funds at step 15k and sets Sioiai (the total funds to be 
allocated) equal to ehher Btotai at step 151. The user has the choice of adding more funds 
at step 15m. If the answer is affirmative, more funds are added. This process is 

15 described in detail below. If the answer is negative, the machine proceeds to step 13a 
with the user selecting the amount and destination for the distribution of funds. The user 
is prompted by screen 52 to make these selections. 

The user then has several options for distribution destinations. The user can 
choose to proceed to step 13b where an amount is transferred onto some storage media, 

20 for example, a smart card, and the storage media is automatically dispensed to the user. 
Another option, at step 13c, is to have an amount distributed to a user account, lor 
example, an account in a grocery store. Another choice is to distribute an amount in the 
form of loose document to the user at step 13d or loose coin at step 13e. The user can 
also choose to distribute the amount to creditors at step 13f or make payment of ices to 

25 creditors at step 13g. The user might make payment of fees to financial mstiiuiions at 
step 13h. These could include mortgage payments, for example. The user can choose to 
add the amount lo some form of storage media, for example, a smart card, at step 13i. 
The user might also choose to dispense strapped document at step [3j, rolled coin at step 
13k, in the form of tokens, coupons, or user script at step 131, dispense a bank check or 

30 money order at step 13m, or dispense a check dawn on a customer account at step 13n. 
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For some of ihc distribuiion selections, e.g. disiribuiion o( loose bills, tiie user 
may wish to have certain denominations returned to him or may wish to accept a machine 
allocation. For example, the user may choose to allocate a $100 deposit as four $20 bills, 
one $10 bill, and two $5 bills rather than accepting the default machine allocation. Those 
5 distributions where the user has a choice of allocating the deposit themselves or 

accepting a machine allocation, follow path A. If the machine proceeds via path A, at 
step 14a the user is asked whether they wish to allocate the amount. If the answer is 
affirmative, the user will then decide the allocation at step 14c. However, if the answer 
at step 14a is negative, then the machine decides the allocation at step 14b. Machine 

10 allocation is appropriate for dispensing all forms of bills, coins, tokens^ coupons, user 
script and to storage media. 

On the other hand, some distributions, e.g. deposits to bank accounts, require the 
user to allocate the deposit. For example, for a $500 deposit, a user may allocate S250 to 
a savings account and $250 to a checking account. Those distributions where liic user is 

15 required to allocate the amount deposited follow path B. If the machine proceeds via 
path B, at step 14c the user decides the allocation. The machine then continues at step 
14c. 

After steps 14c or 14d. the machine proceeds to step 14d where the amount 

distributed is subtracted from the total amount deposited. At step 14e, the machine 
20 determines whether there is anything left to distribute after the subtraction. If the answer 

is affirmative, the machine pmceeds to step 13a where the user again decides a place to 

distribute the amount allocated. 

At step 14f, the user decides whether they wish lo clo.sc the Lrujisaciiuit n liicy 

do, the transaction is closed. The closing compicies step lOc of FIG. 2. u\\ uiner 
25 hand, they may not wish to end the transaction. i"ur exainplc, they ina> w; niuiv 

cash, coins, or credit from other sources. If this is the case, the machine proceed.-, to step 

1 5a of FIG, 56d. 

At step 15a, the user decides which addiuonal source of I'unds i> !h' '.is.:'.: ! I:-.- 
user could choose, at step 15b, to withdraw funds from a credit lir.c. rbr .w..::.; :Vv.j:: a 
30 credit card or bank. The user could choose to deposit more bills at Men . .^ci. i .i; >c >ii'ps 
were discussed above. The user could also choose to write a check ano nave iiu-: seiuuicii 
in at step 15e, take a value from a form of storaiic media, for example, a sinun e;.: d. at 
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step 15f, add values from food stamps at step 15g, count credit card slips at step 1 5h or 
coupon slips at step I5i, or withdraw from a user account at step 15j. 

At step 15k, these additional funds arc input into the system. For c\am[?l.\ ihc 
algorithm illustrated in FIG. 56a is used to input an amount ofaddiiioiKii iuiKis i'i\nn 
5 newly deposited bills. At step 151. this amount is added lo the total amouni oi lunds. Ai 
step 15m, the user is given the choice of adding more funds. It the answer l^ aiYirinaiive, 
tlie system returns to step 15a where the user declares the source of additional funds. If 
the answer is negative, the machine returns lo step 13a in FIG. 56b where the user is 
again asked to determine the distribution of the funds. The machine then proceeds as 

10 described above. 

As described, the user can initiate a document transaction l^y directly dcposiiui^ 
funds from some form of storage media including all forms of magnetic, optical, and 
solid-state media. In the case of a document transaction using storage media, liie user 
may insert their media into a media reader so that it may be read. The machine then may 

15 prompt the user for the amount to be removed from the media and distributed to other 
sources. Conversely, the machine niight remove all the funds available from the media. 
In any case, once the deposit amount has been removed from the media, 'iie imik- 
proceeds to step 15k in FIG. 56d. The remaining steps arc the same as acserirv-;: i.Iha c 
Also as described above, the user can ininaic a uansaciinit hy iJcju-siUiiL' iuiuis 

20 from an outside source. By outside .source, it is mcani lo include a crcdii caru accDuni, 
bank account, store account, or other similar accounis. flic user may iniuait: a 
transaction by using the touch screen to enter account information, such as the account 
number and PIN number to access the account. The user might also initiate tlie 
transaction by moving an account identification card through a media reader, then using 

25 the communications panel to enter other data such as the amount to be withdrawn I'rom 
the account. Then, the system proceeds to step 15k of FIG. 56d. The remaining steps are 
described are the same as described above. 

The alternate funds distribution algorithm is illustrated in FIG. 56e. At step 17a, 
the user indicates whether there are any more funds to process. If the answer is 

30 affirmative, at step 17b, the machine processes more funds. If the answer is negative, 
then at step 17c, the dispensing unit distributes the funds according to its programming. 
Operation of the machine then stops. 
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As described above, the processinu sysicjn has uic advanuiiic oT l)cinu ii* 
process mixed currency or documents utilizing lull inuiLie scanning and a uisci iiiiaiaior. 
The deposits in the system are processed substantially immediately. In addiiiun. the full 
image of the scanned document can be communicated to a central office from which two- 
5 way communication with a system at a remote location is allowed. FinalJ\'. the 
processing system provides all the benefits of an automated teller machme. 

An alternate embodiment of a control panel 3002 is shown in FIG. 57a. A set of 
keys 3004 is used to enter numeric data which is shown on the screen wiwcii a[)pL::Li s U) 
be missing from bill 3006. Alternatively, the user may enter denomination uiiDi laantM". 

10 using keys 3008 which relate to denominations which appear on the screen, in vei 
another embodiment of the control panel, a touch screen 3020 is used to enter no-call 
information concerning bill 3022. The user can enter the missing inform;iMon n^ing a 
keypad 3026 or denomination keys 3024 which appear on the touch scre-jri. 
Additionally, the user could use a standard alphanumeric keyboard lo coinni-jic \i)c 

15 document image as required. Alternatively, if a personal computer terminai i>. used, a 
mouse could be used identify and select appropriate tlcids. For example, if liic t.:.)cumcnt 
were a check, the unidentified field may be the signature field or the amouni uc:a The 
user would "click" this field. A second screen would appear on the terminal where the 
missing data would be entered. These routines could be customer-specific based upon 

20 the customcr*s needs. 

As stated before, the system may include a coin sorting and discrimination 
module 7019. FIGS. 58-61 illustrate a disc-type coin sorter used in coin sorting and 
discrimination module 7019 that uses a coin-driving member having a resilient surface 
for moving coins along a metal coin-guiding surface of a stationary coin-guiding 

25 member. Alternatively, the coin sorter may be a rail sorter such as the disclosed in U.S. 
Patent No. 5,163,868 or U.S. Patent No. 5,1 14,381, both of which are incorporated by 
reference herein in their entirety. The sorter may also be a core sorter such as that 
disclosed in U.S. Patent No. 2,835,260, sifter-lype sorter such as that disclosed in U.S. 
Patent No. 4,360,034, or any type of coin-counting disk such as that described in U.S. 

30 Patent No. 4,543,969, all of which are incorporated by reference herein in their entirety. 
Additionally, the coin sorter may be a drum sorter, dual-disc sorter, or any other coin 
sorter as is known to those skilled in the art. Alternatively, the simple coin sorter with 
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coin discrimination can be used to verify the deposit of coin. Such sorters are descriheJ 
in U.S. Patent No. 2,669,998, No. 2,750,949, and No. 5,299,977. all of whicii arc 
incorporated by reference herein in their entirety. The coin-drivini:! incmhcr is ;i ioimihil' 
disc, and the coin-guiding member is a stationarv sorting head. As can sl-l-m ri(i, 
5 58, a hopper 1510 receives coins of mixed denoininatitms anci I'eetis \ \ \ \\]':)\[:::. . cwww: 
openings in a housing 1511 and a coin-guiding nicmDei m the torin oi an atmuiai soi ling 
head or guide plate 1512 inside or underneath the housing. As the coins pass through 
these openings, they are deposited on the top surface of a coin-driving member in the 
form of a rotatable disc 1513. This disc 1513 is mounted for rotation on a stub shaft tnoi 

10 shown) and driven by an electric motor 1514 mounted to a base plate 1515. 'Ihc disc 
1513 comprises a resilient pad 1516 bonded to the top .surface of a solid metai disc 1517. 

The top surface of the resilient pad 1516 is preierabiy spaced from the lower 
.surface of the sorting head 1512 by a gap of about 0.005 inches (0.13 mm). The gap is 
set around the circumference of the sorting head 1512 by a three point mounting 

15 arrangement including a pair of rear pivots 1518, 1519 loaded by respective torsion 
springs 1520 which tend to elevate the forward portion of the sorting head. During 
normal operation, however, the forward portion of the sorting head 1512 is held in 
position by a latch 1522 which is pivotally mounted to the frame 15 15 by a bolt 1 523. 
The latch 1522 engages a pin 1524 secured to the sorting head. For gaining access to the 

20 opposing surfaces of the resilient pad 1516 and the .sorting head, the latch is pivoted to 
disengage the pin 1524, and the forward portion of the sorting head is raised to an 
upward position (not shown) by the torsion springs 1520. 

As the disc 1513 is rotated, the coins 1525 deposited on the top surface thereof 
tend to slide outwardly over the surface of the pad due to centrifugal force. The coins 

25 1525, for example, are initially displaced from the center of the disc 1513 by a cone 
1526. and therefore are subjected to sufficient centrifugal force to overcome their static 
friction with the upper surface of the disc. As the coins move outwardly, those coins 
which are lying flat on the pad enter the gap between the pad surface and the guide plate 
1512 because the underside of the inner periphery of this plate is spacfed above the pad 16 

30 by a distance which is about the same as the thickness of the thickest coin. As further 
described below, the coins are sorted into their respective denominations, and the coins 
for each denomination issue from a respective exit slot, sucii as ihe siois I S2".\ i '. JS. 
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1529, 1530, 1531 unci 1532 (see FIGS. 58 and y)) lor dimes, pennies, nickels. t|iiariers, 
dollars, and half-dollars, respectively. In general, the coins for any given currency are 
sorted by the variation in diameter for the various denominations. 

Preferably most of the aligning, referencing, sorting, and ejecting operations are 
5 performed when the coins are pressed into engagement with the lower surface of the 
sorting head 1512. In other words, the distance between the lower surfaces of the sorting 
head 1512 with the passages conveying the coins and the upper surface of the rotating 
disc 1513 is less than the thickness of the coins being conveyed. As mentioned above, 
such positive control permits the coin sorter to be quickly stopped by braking the rotation 

10 of the disc 1513 when a preselected number of coins of a selected denomination have 
been ejected from the sorter. Positive control also permits the sorter to be relatively 
compact yet operate at high speed. The positive control, for example, permits the single 
file .stream of coins to be relatively dense, and ensures that each coin in ihis sucam can 
be directed to a respective exit slot. 

15 Turning now to FIG. 59, there is shown a bottom view of the preferred soiling 

head 1512 including various channels and other means especially designed for high- 
speed sorting with positive control of the coins, yet avoiding the galling problcn). li 
should be kept in mind that the circulation of the coins, which is clockwise in FIG. 58. 
appears counterclockwi.se in FIG. 59 because FIG. 59 is a bottom view. The various 

20 means operating upon the circulating coins include an entrance region 1 540, means 1 54 1 
for stripping "shingled" coins, means 1542 for selecting thick coins, ftrsi means 1544 for 
recirculating coins, first referencing means 1545 including means 1546 for recirculating 
coins, second referencing means 1547, and the exit means 1527, 1528, 1529, 1530. 1531 
and 1532 for six different coin denominations, such as dimes, pennies, nickels, quarters, 

25 dollars and half-dollars. The lowermost surface of the soning head 1512 is iiuiicaied by 
the reference numeral 1550. 

Considering first the entrance region 1540. the outwardly moving coin^ iniuaily 
enter under a semi-annular region underneath a planar sarfaLc 1561 u;n:i-\: ;;. 
underside of the guide plate or sorting head 1512. Coin C 1 , superimp'oscci om liic :>oiu):n 

30 plan view of the guide plate in FIG. 59 is an example or a coin wriicti tias eniorcu itic 

entrance region 1540. Free radial movement of the coins within the enirance leL^i^.^n !5 '0 
is terminated when they engage a wail 1562, though ihc coins cuntinuc lo iv.ow: 
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circumferentially along the wall 1562 by the rotational movement of the pad 15 16, as 
indicated by the central arrow in the counterclockwise direction in FIG. 59. To prevent 
the entrance region 1540 from becoming blocked by shingled coins, the planar region 
1561 is provided with an inclined surface 1541 forming a wall or step 1563 for engaging 
5 the uppermost coin in a shingled pair. In FIG. 59. for example, an upper coin C2 is 

shingled over a lower coin C3. As further shown in FIG. 60, movement of ilic upper coin 
C2 is limited by the wall 1563 so that the upper coin C2 is forced off of the lower coin 
C3 as the lower coin is moved by the rotating disc 1513. 

Returning to FIG. 59, the circulating coins in the entrance region 1540. >uch as 

10 the coin CI, arc next directed to the means 1542 for selecting thick coins. This means 
1542 includes a surface 1564 recessed into the sorting head 15 12 ai a dcpiii of 0.i)70 
inches (1.78 mm) from the lowermost surface 1550 of ihc sorting head. I hcrL^orc. a step 
or wall 1565 is formed between the surface 1561 of the entrance region 1540 aiui the 
surface 1564. The distance between the surface 1564 and the upper surface of the disc 

15 1513 is therefore about 0.075 inches so that relatively thick coins between the surface 
1564 and the disc 1513 are held by pad pressure. To initially engage such thick coins, an 
initial portion of the surface 1564 is formed with a ramp 1566 located adjacent to the 
wall 1562. Therefore, as the disc 1513 rotates, thick coins in the entrance region thai arc 
■ next to the wall 1562 are engaged by ihc ramp 1566 ajid iliercaficr ihcu lauiai |n..siiiuii is 

20 fixed by pressure between the disc and the surfa-.-c 1564. Thick coins 

initially engage the ramp 1566, however, engage the wail 1565 and iixc ihcrciore 
recirculated back within the central region of the sorting head. This is illustrated, for 
example, in FIG. 61 for the coin C4- This initial .selecting and po.siiioniuii oi ihc Muck 
coins prevents .misaligned thick coins from hindering the flow of coins w: :;: - 

25 referencing means 1545. 

Returning now to FIG. 59, the ramp 1566 in the means 1542 for sciu'cuii,:: liic 
thick coins can also engage a pair or stack of thin coins. Such a stack or pair oi inin 
coins will be carried under pad pressure between the surface 1564 and the rotating disc 
15 13. In the same manner as a thick coin, such a pair of stacked coins will have its radial 

30 position fixed and will be carried toward the first referencing means 1545. The first 

means 1545 for referencing the coins obtains a single-file stream of coins directed against 
the outer wall 1562 and leading up to a ramp 1573. 
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Coins arc introduced into the referencini: means 1545 by the thniner coin.^ 
moving radially outward via ceiilriiugal force, or by the thicker coin(s) C52a loiiuwing 
concentricity via pad pressure. The stacked coins C58a and C50a arc separated at the 
inner wall 1582 such that the lower coin C58a is carried against surface 1572:i. The 
5 progression of the lower coin C58a is depicted by its positions at C5SI). C5S. ^ ' S ; 

C58e. More specifically, the lower coin C58 becomes engaged beiwceri iru: : ;;uti::iL' iiinv 
1513 and the surface 1572 in order to carry the lower coin to the first recirculaiir.L^ means 
1544, where it is recirculated by the wall 1575 at positions C58d and C58e. At the 
beginning of the wall 1582, a ramp 1590 is used to recycle coins not fully between the 

10 outer and inner walls 1562 and 1582 and under the sorting head 1512, As shown in FIG, 
59, no other means is needed to provide a proper introduction of the coins into the 
referencing nieans 1545. 

The referencing means 1545 is further recessed over :i reuioii i .'^v = . :: : \-".\{ 
length to allow the coins C54 of the widest denomination to move lo ihc ^^wwy \v;.i • 

15 by cenlriiugal force. This allows coins C54 of the wittcsi (ienoininaiiun u; wn^w: i rcely 
into the referencing means 1545 toward its outer wall 1562 wuhoui being prcsseti 
between the resilient pad 1516 and the sorting head 1 5 1 2 at the ramp 1590. Tlie inner 
wall 1582 is preferably constructed to follow the contour of the recess ceiling. The 
region 1591 of the referencing recess 1545 is raised into the head 1512 by ramps I5^>3 

20 and 1594. and the consistent contour at the inner wall 1582 is provided by a ramp 1595. 

The first referencing means 1545 is sufficiently deep to allow coins C50 having a 
lesser thickness to be guided along the outer wall 1562 by centrifugal force, but 
sufficiently shallow to permit coins C52, C54 having a greater thickness to be pressed 
between the pad 1516 and the sorting head 1512, so that they are guided along the inner 

25 wall 1582 as they move through the referencing means 1545. The referencing recess 
1545 includes a section 1596 which bends such that coins C52, which are sufficiently 
thick to be guided by the inner wall 1582 but have a width which is less than Ihe width of 
the referencing recess 1545» are carried away from the inner wall 1582 from a maximum 
radial location 1583 on the inner wall toward the ramp 1573. 

30 This configuration in the sorting head 15 12 allows coins of all denominations to 

converge at a narrow ramped finger 1573a on the ramp 1573, with coins C54 having the 
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largest width being carried between the inner and outer walls via the surface 1 3^)'.> u> 
ramped finger 1573a so as to bring the outer edges of all coins to a generally c{)!nnu)n 
radial location. By directing the coins C50 radially inward along the latter portion of the 
outer wall 1562, the probability of coins being offset from the outer wall 1 562 hv 
5 adjacent coins and being led onto the ramped finger i573a is significantly reciucea. Adv 
coins C50 which are slightly offset from the outer wall 1562 while being Icci onto the 
ramp finger 1573a may be accommodated by moving the edge 1551 of exii sloi 1527 
radially inward, enough to increase the width of the slot 1527 to capture oii'^c: .\.,n> C^o 
but to prevent the capture of coins of the hirger denoininauons. For sonin;.: i )i\\ci\ loihs. 

10 the width of the ramp finger 1573a may be about 0. 140 inch. At the terminal end ot the 
ramp 1573, the coins become firmly pressed into the pad 16 and arc cniTied forward to 
the second referencing means 1547. 

A coin such as the coin C50c will be carried forward to the second referencing 
means 1547 so long as a portion of the coin is engaged by the narrow ramped finger 

15 1573a on the ramp 1573. If a coin is not sufficiently close to the wall 1562 so as to be 
engaged by this ramped finger 1573a, then the coin strikes a wall 1574 defined by the 
second recirculating means 1546, and that coin is recirculated back to the entrance region 
1540. 

The first recirculating means 1544, the second recirculating means 1546 and the 
20 second referencing means 1547 are defined at successive positions in the sorting head 
1512. It should be apparent that the first recirculating means 1544, as well as the second 
recirculating means 1546, recirculate the coins under positive control of pad pressure. 
The second referencing means 1547 also uses posidve control of the coins to align the 
outermost edge of the coins with a gaging wall 1577. For this purpose, liie second 
25 referencing means 1547 includes a surface 1576, for example, at 0. NO inches ( 1 .27 mm) 
from the bottom surface of the soning head 1512. and a ramp 1 578 which engages the 
inner edge portions of the coins, such as the coin C5()d. 

As best shown in FIG, 59. the initial portion of the gaging wall 1577 is along a 
spiral path with respect to the center of the sorting head 1512 and the sorting disc 1513, 
30 so that as the coins are positively driven in the circumferential direction by the rotating 
disc 1513, the outer edges of the coins engage the gaging wall 1577 and are forced 
slightly radially inward to a precise gaging radius, as shown for the coin C16 in FIG. 60, 
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FIG. 60 lurllier shows a cuin Ci7 having lieen cijcica !rum ilie second ivciivuiauiii: 
means 1546. 

t Referring back to FIG. 59, the second referencing means 1547 terminates with a 
slight ramp 1580 causing the coins to be firmly pressed into the pad 15 16 on the rotating 
5 disc with their outermost edges aligned with the gaging radius provided hy ihc iiaging 
wall 1577. At the terminal end of the ramp 1580 the coins are gripped between the guide 
plate 1512 and the resilient pad 1516 with the maximum compressive force. This 
ensures that the coins are held securely in the new radial position determined by the wall 
1577 of the second referencing means 1547. 

10 The sorting head 1512 further includes sorting means comprising a series of 

ejection recesses 1527. 1528, 1529, 1530, 1531 and 1532 spaced circumfcrcntially 
around the outer periphery of the plate, with the innermost edges of successive slots 
located progressively farther away from the common radial location of the outer edges of 
all the coins for receiving and ejecting coins in order of increasing diameter. Tlie width 

15 of each ejection recess is slightly larger than the diameter of the coin to be received and 
ejected by that particular recess, and the surface of the guide plate adjacciu ihe ratnally 
outer edge of each ejection recess presses the outer portions of the coins received by that 
recess into the resilient pad so that the inner edges of those coins are tilted upwardly into 
the recess. The ejection recesses extend outwardly to the periphery of the guide plate so 

20 that the inner edges of these recesses guide the tilted conis outwardly ami eveimiaii v c|t;t:t 
those coins from between the guide plate 1512 and the resilient pad 1 5 J 6. 

The innermost edges of the ejection recesses are positioned so that the inner edge 
of a coin t)f only one particular denomination can enter each recess; the coins of all other 
remaining denominations extend inwardly beyond the innermost edge of chat particular 

25 recess so that the inner edges of those coins cannot enter the recess. 

For example, the first ejection recess 1527 is intended to discharge only dimes, 
and thus the innermost edge 1551 of this recess is located at a radius thai is snacx-a 
inwardly from the radius of the gaging wall 1577 by a distance that is ouiv siilmv.!\ 
greater than the diameter of a dime. Consequeniiv. only dimes can onn-i 'he - • \ . ! 52 ' 

30 Because the outer edges of ail den()minaiu)ns o:\:oiiis aiv tncaicd ai liie .uimc ;a;;i.,; 
position when they leave the second referencini: means i547. ihc inner ctiucs »>! 
pennies, nickels, quarters, dollars and half dollars all extend inwardly beyond the 
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innermost edge of the recess 1527, thereby preventing these coins from cnicrini: thai 
particular recess. 

At recess 1528, the inner edges of only pennies are located close enough to the 
periphery of the sorting head 1512 to enter the recess. The inner edges of all the larger 
5 coins extend inwardly beyond the innermost edge 1552 of the recess 1528 so that they 
remain gripped between the guide plate and the resilient pad. Consequently, all the coins 
except the pennies continue to be rotated past the recess 1528, 

Similarly, only nickels enter the ejection recess 1529. only the qunnci s c::::;- ihc 
recess 1530, only the dolhirs enter the recess 1531, and oitly ihc hall dnliais ciuci ilic 
10 recess 1532. 

Because each coin is gripped between the sorting head 1512 and the resilient pad 
16 tluoughout its movement through the ejection recess, the coins ai c under posiiivc 
control at all times. Thus, any coin can be stopped at any point along the length of its 
ejection recess, even when the coin is already partially projecting beyond the outer 
15 periphery of the guide plate. Consequently, no matter when the rotating disc is stopped 
(e.g., in response to the counting of a preselected number of coins of a particular 
denomination), those coins which arc already within the various ejection recesses can be 
retained within the sorting head until the disc is re-started for the next counting 
operation. 

20 One of six proximity sensors SpSc is mounted along the outboard edge oi each of 

the six exit channels 1527-1532 in the soning head for sensing and counting coins 
passing through the respective exit channels. By locating the sensors Si-So in the exit 
channels^ each sensor is dedicated to one particular denomination ofco:::. .inr v:,: . :s 
not necessary to process the sensor output signal lo deicriinnc uic cum ai::H;:ii!;.;i[ii)u. 

25 The effective fields of the sensors SrSr. are all located iusi ouiboarci oi uk- ruuius m 
which the outer edges of all coin denominations arc gajied before they rcacii itu: rxii 
channels 1527-1532, .so that each sensor detects only ihc coins wlwch cnic: i\>. -jx- 
channel and does not detect the coins which bypass that exit channel. Only the largest 
coin denomination (e.g., U.S. half dollars) reaches the sixth exit channel 1532, and thus 

30 the location of the sensor in this exit channel is not as critical as in the other exit channels 
1527-1531. 
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In addilion to the proximity sensors S 1 -S6, each of the exit channels 1 527-1 532 
also includes one of six coin discrimination sensors D1-D6. These sensors D1-D6 arc 
the eddy current sensors, and will be described in more detail below in connection with 
FIGS, 62-65 of the drawings. 
5 When one of the discrimination sensors delecis a coin material ihai i> luv. 

proper material for coins in that exit channel, the disc may be sioppca i)v u;* j;id:i/.inL; 
or disengaging the drive motor and energizing a Drake. The suspect com nur, iiK'.n nc 
chscharged by jogging the drive motor with one or niore electrical pulses uiv.i: [\v: ::;i;:iL: 
edge of the suspect coin clears the exit edge of its exit channel. The exact disc 

10 movement required to move the trailing edge of a coin from its sensor to the exit edge ol 
its exit channel can be empirically determined for each coin denomination and then 
stored in the memory of the control system. An encoder on the sorter disc ca:: tiij:i i)c 
used to measure the actual disc movement following the sensing of the suspcc; coin, so 
that the disc can be slopped at the precise position where the siispeci com Licais i:u' cxii 

15 edge of its exit channel, thereby ensuring that no ;;oins following the >nsnc; i . 
discharged. 

Turning now to FIGS. 62-65, one embodiment of the present inveniion employs 
an eddy current sensor 1710 to perform as the coin handling system's coin discrimination 
sensors D 1 -D6. The eddy current sensor 1710 includes an excitation coil 1712 for 

20 generating an alternating magnetic field used to induce eddy currents in a ci>i:: i 7 ; -i. The 
excitation coil 1712 has a start end 1716 and a finish end [11^. In tins cmbodiincni. an 
a-c. excitation coil voltage Vex, e.g., a sinusoidal signal of 250 KHz and 10 volts peak-to- 
peak, is applied across the start end 1716 and tlie finish end 1718 of the excitation coil 
1712. The alternating voltage Vex produces a corresponding current in the excitation coil 

25 1712 which in turn produces a corresponding alternating magnetic field. The alternating 
magnetic field exists within and around the excitation coil 1712 and extends outwardly to 
the coin 1714. The magnetic field penetrates the coin 1714 as the coin is moving in close 
proximity to the excitation coil 1712, and eddy currents are induced in the coin 1714 as 
the coin moves through the alternating magnetic field. The strength of the eddy currents 

30 flowing in the coin 1714 is dependent on the material composition of the coin, and 
particularly the electrical resistance of that material. Resistance affects how much 
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current will flow in the coin 1614 according to Ohm's Law (voliuizc - . iin jrr - 
resistance). 

The eddy currents themselves also produce a corresponding magnetic field. A 
proximal detector coil 1722 and a distal coil 1724 are disposed above iho coin i 7 14 so 
5 that the eddy current-generated magnetic field induces voltages upon the coils 1 722. 
1724. The distal detector coil 1724 is positioned above the coin 1714, and ihc proximal 
detector coil 1722 is positioned between the distal detector coil 1724 and the [iiissuiii 
coin 1714. 

In one embodiment, the excitation coil 1712, the; proximal cit- tccuir coii \':21 and 

10 the distal detector coil 1724 are all wound in the same direction (cither ciockwi.^c i)r 
counterclockwise). The proximal detection coii i 722 and the distal detector coii i724 
are wound in the same direction so that the voltages induced on these coils by the eddy 
currents arc properly oriented. 

The proximal detection coil 1722 has a starting end 1726 and a finish end 1728. 

15 Similarly, the distal coil 1724 has a starting end 1730 and a finish end 1632. In order of 
increasing distance from the coin 1614, the detector coils 1722, 1724 are positioned as 
follows: finish end 1728 of the proximal detector coil 1722. start end 1726 of the 
proximal detector coil 1722, finish end 1732 of the distal detector coil 1724 and start end 
1730 of the distal detector coil 1724. The finish end 1728 of the proximal detection coil 

20 1722 is connected to the finish end 1732 of the distal detector coil 1724 via a conductive 
wire 1734. It will be appreciated by those skilled in the art that other detector coil 1722, 
1724 combinations are possible. For example, in an alternative embodiment the 
proximal detection coil 1722 is wound in the opposite direction of the distal detection 
coil 1724. In this case the stiu-t end 1726 of the proximal coil 1722 is connected lo the 

25 finish end 1732 of the distal coil 1724. 

Eddy currents in the coin 1714 induce voltages \\u^x and V(i,si respectively on the 
detector coils 1722, 1724. Likewise, the excitation coil 1712 also induces a cointnon- 
mode voltage Vcom on each of the detector coils 1722, 1724. The common-mode voltage 
Vcom is effectively the same on each detector coil due to the symmetry ol the detector 

30 coils' physical arrangement within the excitation coil 1712. Because the detector coils 
1722, 1724 arc wound and physically oriented in the same direction and connected at 
their finish ends 1728, 1732, the common-mode voltage V^oiu induced by the excitation 
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coil 1712 is subtracted out, leaving only a dilTerence voltage Vjiff correspoiidinu lo inc 
eddy currents in the coin 1714. This eliminates the need for additional circuitiy to 
subtract out the conmnon-niode voltage Vcom- The common-nnode voltaj^e is 
effectively subtracted out because both the distal detection coil 1724 ana ihe provimai 
5 detection coil 1722 receive the same level of induced voltage Vcom from the exciraiion 
coil 1712. 

Unlike the common-mode voltage, the voltages induced by the eddy current in the 
detector coils are not effectively the same. This is because the proximal deiccior coil 
1722 is purposely positioned closer to the passing coin than the distal detector coil 1724. 

10 Thus, the voltage induced in the proximal detector coil 1722 is significantly stronger, i.e., 
has greater amplitude, than the voltage induced in the distal detector coil 1724. Although 
the present invention subtracts the eddy current-induced voltage on the distal coil 1724 
from the eddy current-induced voltage on the proximal coil 1722, the voltage amplitude 
difference is sufficiently great to permit detailed resolution of the eddy current response. 

15 As seen in FIG. 62, the excitation coil 1712 is radially surrounded by a magnetic 

shield 1734. The magnet shield 1734 has a high level of magnetic permeability in order 
to help contain the magnetic field surrounding the excitation coil 1712. The magnetic 
shield 1734 has the advantage of preventing a stray magnetic field from interfering with 
other nearby eddy current sensors. The magnetic shield is itself radially surrounucti by a 

20 steel outer case 1736. 

In one embodiment the excitation coil utilizes a cylindrical ceramic ic.g.. 
alumina) core 1738. Alumina has the advantages of being impervious lo humidiiv and 
providing a good wear surface. It is desirable thai the core 1748 be al)le lo wniisiand 
wear because it may come into frictional contact with the coin 1714. Alumina 

25 withstands frictional contact well because of its high degree of hardness, i.e., 
approximately 9 on mohs scale. 

To form the eddy current sensor 1510, the detection coils 1722, 1724 arc wound 
on a coil form (not shown). A preferred form is a cylinder having a length of 0.5 inch, a 
maximum diameter of 0.2620 inch, a minimum diameter of 0. 1660 inch, and two 

30 grooves of 0.060 inch width spaced apan by O.Ohi* inch and spaced iVom diu- lmh: i»i liie 
form by 0.03 inch. Both the proximal detection coil 1722 and the distai dciecior coil 
1724 have 350 turns of #44 AWG enamel covered magnet wire layer wound lo generally 
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uniformly fill the available space in Ihe grooves. Each of the detector coils 1 722. 1 724 
arc wound in the same direction with the finish ends 1728, 1732 being connected 
together by the conductive wire 1734. The start ends 1726, 1730 of the detector coils 
1722, 1724 are connected to separately identified wires in a connecting cable. 
5 The excitation coil 1712 is a generally uniformly layer wound on a cylindrical 

alumina ceramic coil form having a length of 0.5 inch, an outside diameter of 0.2750 
inch, and a wall thickness of 0.03125 inch. The excitation coil 1712 is wound with 135 
turns of #42 AWG enamel-covered magnet wire in the same direction as the detector 
coils 1722, 1724. The excitation coil voltage V^.^^ is applied across the suirt end 1716 ami 

10 the finish end 1718. 

After the excitation coil 1712 and detector coils 1722, 1724 are wound, the 
excitation coil 1712 is slipped over the detector coils 1722, 1724 around a common 
center axis. At this time the sensor 1710 is connected to a test oscillator (not shown) 
which applies the excitation voltage Vex to the excitation coil 1712. The excitation coil's 

15 poshion is adjusted along the axis of the coil to give a null response from itic dct^'ctor 
coils 1722, 1724 on an a-c. voltmeter with no metal near the coil windings 

Then the magnetic shield 1644 is the .slipped over the excitation coil 1 7 rj ami 
adjusted to again give a null response from the detector coils 1722. 1724. 

The magnetic shield 1744 and coils 1712, 1722, 1724 within the magnetic shield 

20 1744 tu-e then placed in the steel outer case 1746 and encapsulated with a polymer resin 
(not shown) to "freeze" the position of the magnetic shield 1744 and coils 1712, 1722, 
1724. 

After curing the resin, an end of the eddy current sensor 1 7 i 0 nc:H\*M. 
proximal detector coil 1722 is sanded and hipptui lu nnuincc a :i:id Mn»u.:;> • 

25 with the coils 1712, 1722 slightly recessed witi:::: ihe : jsm. 

In order to detect the effect oT the coin i i4 on ihc vohay^is iniiiiccu \\\c 
detector coils 1722, 1724, it is prelerred U) use a combination of phase ana ampiiiudc 
analysis of the detected voltage. This type of analysis minimizes the effects of variations 
in coin surface geometry and in the distance between the coin and ihe*coils. 

30 The voltage applied to the excitation coil 1712 causes current to I'iow m tn- cmi 

1712 which lags behind the voltage 1720. For example, the current may lau ihc voltage 
1720 by 90 degrees in a superconductive coil. In effect, the coin's 1714 eddy currents 



wo 98/47100 



PCT/US98/07443 



142 

impose a resistive loss on the current in the excitation coil 1712. Therefore, the initial 
phase difference between the voltage and current in the excitation coil 1712 is decreased 
by the presence of the coin 1714. Thus, when the detector coils 1724, 1726 li;ivc .i 
voltage induced upon them, the phase difference beiwcLMi the vuliauc appiiLM mc 
5 excitation coil 1712 and that of the detector coils is reduceti due lo iIil^ t tii roiM tM leci 
in the coin. The amount of reduction in the phase difference is proponion::! to \vx 
eiectricaJ and magnetic characteristics of the coin and liius the compoMiion ut lik* ^ oin. 
By analyzing both the phase difference and the nuixmium anipiiiude, an accurate 
assessment of the composition of the coin is achieved, 

10 FIGS. 65A and 65B illustrate a preferred phase-sensitive detector 1 750 for 

sampling the differential output signal Vtiiti from the two detector coils 1722. 1714 Tiic 
differential output signal Vdiff is passed through a buffer amplifier 252 tu a swiicii 1 754. 
where the buffered Vjifr is sampled once per cycle by momentarily closing the switch 
1754. The switch 1754 is controlled by a series of reference pulses produced IVoai the 

15 Vex signal, one pulse per cycle. The reference pulses 1758 are synchronized wiin 

excitation voltage Vex, so that the amplitude of the differential output signal V^uti during 
the sampling interval is a function not only of the amplitude of the detector coil voltages 
1736, 1738, but also of the phase difference between the signals in c.xcii;jiioM t 1712 
and the detection coils 1736. 1738. 

20 The pulses derived from V^^ are delayed by an "offsei angle" wtiicii can in- 

adjusted to minimize the sensitivity of Vjiff to variations in the gap between the proximal 
face of the sensor 1710 and the surface of the coin 1714 being sensed. I hc v;diic ol' the 
offset angle for any given coin can be determined empirically by moving a standard metal 
disc, made of the same material as the coin 1714, from a position where it contacts the 

25 sensor face, to a position where it is spaced about 0.001 to 0.020 inch from the sensor 
face. The signal sample from the detector 1750 is measured at both positions, and the 
difference between the two measurements is noted. This process is repeated at several 
different offset angles to determine the offset angle which produces the minimum 
difference between the two measurements. 

30 Each time buffered Vjiff is sampled, the resulting sample is passed through a 

second buffer amplifier 1756 to an analog-to-digital converter (not shown). The resulting 
digital value is supplied to a microprocessor (not shown) which compares that value with 
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several different ranges of values siored in a lookup labie (not shown). Hacr. .nu>;-j:i ::i\\iic 
of values corresponds to a particular coin material, antt inus the com ni;iic'ri;i! !v:>ivsofitcc: 
by any given sample value is determined by th^' panicuiar stored raniic v. : ... 
sample value falls. The stored ranges of values can be dcicnnincd cnipiMcaii\ i\\ -iiinpiy 
5 measuring a batch of coins of each denomination and storing the resulting range oi 
values measured for each denomination. 

If desired, the coin sorting and discrimination module 19 may he renlaj; n wwh a 
coin discriminating module which does not sort the coins or a coin sorting mociuic on!> . 
Such modules would align the coins of all denominations in a single file and izuicic ihcn^ 

10 past a single coin discrimination sensor to determine whether the coins :i: . Tii-- 
coins of all denominations would then be discharged into a .singic .^^oruL'c rc*;:;:.^ :v arui 
sorted at a later time. Coins that are detected to be non-genuine would be diverietl and 
returned to the customer at the coin return station 4. 

When an invalid coin is detected by one of the discriminating sensors described 

15 above, the invalid coin is separated from the valid coins and returned to the customer, in 
the illustrative module 8, this separation is effected outside the sorting disc by the 
shunting device illustrated in FIGS. 66-69. The curved exit chute 1800 includes two 
slots 1802, 1804 separated by an internal partition 1806. The internal paaition IK()6 is 
pivotally mounted to a stationary base 1 808 so that the internal partition 1 806 may be 

20 moved, perpendicular to the plane of the coins, by an actuator 1810 between an up 
position (FIG. 68) and a down position (FIG. 67). The exit chute 1800 is positioned 
adjacent an exit channel of the coin sorter such that coins exiting the coin sorter are 
guided into the slot 1802 when the internal partition 1 806 is in the down position (FIG. 
67). When an invalid coin is detected by the discriminating sensor D, the actuator 1810 

25 moves the internal partition 1806 to the up position (FIG. 64) so that the invalid ct^in now 
enters the slot 1804 of the exit chute 1800. Coins entering the slot 1804 arc discharged 
into the tube that conveys those coins to the coin-return slot 62 at the front of the system. 
While FIGS, 65-68 illustrate only a single exit chute, it will be apparent that a similar 
exit chute is provided at each of the six coin exit locations around the circumference of 

30 the sorting disc. 

The actuator 1810 moves the internal paruiion 1806 between the up and tiown 
positions in response to detection of invalid and valid coins. Thus, if the inLernal 
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partition 1806 is in the down position and an invalid coin is detected, the partition 1806 
is moved to the up position so that the invalid coin will be diverted into the slot 1804. 
Alternatively, an invalid coin may be separated from the valid coins by use oi* inboard 
actuators in the soning head, activated by signals derived from one or nioic sensors 
5 mounted in the sorting head upstream of the actuators. Such an arrangeineni is ucscribed 
in U.S. Patent No. 5.299,977, which is incorporated herein by reference. 

While the invention is susceptible to various modifications and ailernaiivc lorms, 
specific embodiments thereof have been shown by way of example in the drawings and 
herein described in detail. It should be understood, however, that it is not intended to 
10 limit the invention to the particular forms disclosed, but on the contrar)', the intention is 
to cover all modifications, equivalents, and alternatives falling within the spirii and scope 
of the invention in the following claims: 
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Claims: 

1 . An image processing network for processing image files and coupled to an 
outside data conununication network comprising: 

a plurality of remote image capture units, said units scanning documents and 
creating a plurality of image files of said documents; 
5 image processing means coupled to said plurality of remote image capture units 

for processing the image files; 

accounting means coupled to said image processing means for immediately 
updating accounts associated with said image processing means; and 

wherein said plurality of remote capture units are coupled to said outside 
10 network, said outside data communication network is connected to outside financial 
institutions, said image processing means transmits said image files to said outside 
financial institutions via said data communication network and receives image files from 
said outside financial institutions over said network. 

2. The image processing network of claim 1 where said renioic cMfiiurt; units 
15 include means for extracting MICR data from received checks and inscning saici data 

into said image files. 

3. The image processing network of claim I further inciudine a iXuraiiiy of 
image creation units for creating images that arc^ defined by a user, said image creation 
units coupled to said image processing means. 

20 4. The image processing network of claim 1 wherein said image processing 

means includes sorting means for sorting images between on-us images and transit 
images. 

5. The image processing network of claim 1 wherein said imairc \ \k 
comprises a first portion containing image data and a second portion i;v)ni:;n-i::.j .-.ui 

25 extracted from the image. 

6. The image processing network of claim 1 further including means for 
processing physical documents said means coupled to said image processing means. 

7. The image processing network of claim I wherein said rcinnu- iiiiaL^e 
capture means include means for obtaining images for both sides of a doeumcni. 
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8. The image processing network of claim 1 further including means for 
processing unreadable document including transmitting images to a central location 
where an operator keys in unreadable MICR or CAR data. 

9. The image processing network of claim 1 wherein said iiiKigc file coniains 
5 the identity of every institution that has processed the linage file. 

10. The image processing network c>rchum 1 wherein said piiiramv u! rcnioic 
image capture units includes at least one small, :abie-i(ip scanner. 

] I . The image processing network of claim 1 wherein said remote image 
capture units provide means for obtaining proof of deposit processing. 
10 12. The image processing network of claim 1 wherein said iinaiic pK^ccssmL: 

means includes means for returning no-read documents to a depositor. 

13. The image processing network of claim 1 lurtiier coniprisiiiL: ii:c;:as km 
accepting raw image data, said means coupled to said image processing means. 

14. The image processing network of claim I further comprising means Uji 
15 storing images of all documents coupled to said image processing means. 

15. The image processing network of claim 1 wherein said image processing 
means includes means for bundling of images into groups. 

16. An image processing network ccnipled to an outside daui ^o\:\i[\\i:\::a^\v;] 
network comprising: 

20 a plurality of remote image capture units said iiiiiis proccsMn^ij a:;j . 

files, said remote image capture units comprising means for reading MICK and CAR data 
and storing said data in said image files; 

image processing means coupled to said plurality of remote image capture units 
for processing the image files, said image processing means including sorting means for 
25 sordng images between on-us images and transit images 

accounting means coupled to said image processing means for updating accounts 
associated with said image processing means; and 

wherein said plurality of remote capture units are coupled to said outside network 
which is connected to outside financial institutions. 
30 17. The image processing network of claim 1 6 further including a plurality of 

image creation units for creating images that are defined by a user. 
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liS. The image processing network ofclaini :7 \\hcrcin said jiikiliu* p:\.'jv*ssinL: 
means further includes proof-of-dcposit processing means coupled lo said sorting means 
lor proving said images output: from said sorum: means. 

19. The image processing network of claim 18 wherein said image file 

5 comprises a first portion containing image data and a second portion contaimng daia 
extracted from the image. 

20. The image processing network of clciim 18 further inchuinit^ means lor 
procevssing physical documents said means coupled to said image processing means. 

21. The image processing network of claim 18 wherein said remote image 
10 capture units contain means for obtaining images for both sides of a documenu 

22. The image processing network of claim 18 further comprising means for 
processing unreadable document including transmitting images to a central location 
where operator keys in unreadable MICR or CAR data. 

23. The image processing network of claim IK wherein said image i'Wc 
15 contains the identity of the institution that has processed the image. 

24. The image processing network of claim 18 wherein said plurality of 
remote image capture units includes at least one small table-top scanner. 

25. The image processing network of claim 1 8 further comprising means for 
returning no-reads to the depositor. 

20 26. The image processing network of claim 18 further comprising means for 

accepting raw image data 

27. The image processing network of claim 18 further comprising means for 
storing images of all documents. 

28. The image processing network of claim 1 8 further comprising means for 
25 bundling images into groups of images. 

29. A method for transmitting images through an image process network and 
processing said images comprising the steps of: 

processing and creating image files of documents at remote units: 
processing the image files; 
30 updating accounts as.sociated with .said image processing means; 

providing said images to an outside network which is connected to outside 
financial institutions. 
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30. The method of claim 29 further including the step of extracting MICR 
data from checks and inserting this data into the image files. 

3 1 , The method of claim 29 further including the step of includes crcaunu 
images that are defined by a user and processing said created images. 

5 32. The method of claim 29 further including the step of sonirnj iin;iL'cs 

between on-us and transit images. 

33. The method of claim 29 wherein said image file comprii;es a iirsi portion 
containing image data and a second portion containing data extracted from the image. 

34. The method of claim 29 including the step of processing physical 
10 documents. 

35. The method of claim 29 wherein the step of obtaining images obtains 
images for both sides of a document. 

36. The method of claim 29 further including the step of processing 
unreadable document and transmitting said images to a central location wiiere operator 

15 keys in unreadable MICR or CAR data. 

37. The method of claim 29 wherein said image file contains the identity of 
every institution that has processed the image file, 

38. The method of claim 29 wherein said step of obtaining images uses a 
small table-top scanner, 

20 39. The method of claim 29 further including the .step of proving images. 

40. The method of claim 29 further including the step of returning no-rcad.s lo 
the depositor. 

4 1 . The method of claim 29 further including the step of accepting <uid 
processing raw image data. 

25 42. The method of claim 29 further including the step of siorinu iinuL'cs o\ ail 

documents. 

43. The method of claim 29 further including the step of bundling ilic iniiiges 
into groups of images before transmission. 

44. A method for transmitting images through an image process network and 
30 processing said images comprising the steps of: 

processing and creating image files of documents at remote units; 

extracting MICR data from checks and inserting this data into the irnagt; files; 
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processing the image files; 

updating accounts associated with said image processing means; 
providing said images to an outside network which is connected to outside 
financial institutions; and 
5 wiierein said image file comprises a first portion containing image data and a 

second portion containing data extracted from the image 

45. The method of claim 44 wherein said step of obtaining images uses a 
small table-top scanner, 

46. The method of claim 44 further including the step of proving images. 

10 47, The method of claim 44 further including the step of returning no-reads to 

the depositor. 

48. The method of claim 44 further including the step of accepting and 
processing raw image data. 

49. The method of claim 44 further including ihe step of sioriau iinaLcs ui aii 
15 documents. 

50. The method of claim 44 further including the step of bundling the images 
into groups of images before transmission, 

51. An image processing network coupled tu an oulsidc data conununicauon 
network comprising: 

20 a plurality of remote image capture units said units processmg and crcaiini: image 

files, said remote image capture units comprising means for reading MICR aiui CAR d:ii:: 
and storing said data in said image files; 

image processing means coupled to said plurality of remote image capture units 
for processing the image files, said image processing means including s<ining nuNins lor 
25 sorting images between on-us images and transit images 

accounting means coupled to said image processing means for updating accounts 
associated with said image processing means; 

wherein said plurality of remote capture units arc coupled to siiici ;hu>:l:v ::j:\\'o:k 
which is connected to outside financial instiiLiiion.s; 
30 a [)lurality of image creation units for creating images that arc dciir^cct t\\ .i i:scr: 
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wherein said image processing means funher includes proof-of-deposit 
processing means coupled to said sorting means for proving said images output trom said 
sorting means; 

wherein said image file comprises a first portion containing image data and a 
5 second portion containing data extracted from the image; and 

means for processing physical documenis said means coupled lo said image 
processing means. 

52. The image processing network of claim 51 wherein said remote image 
capture units contain means for obtaining images for both sides of a document. 
10 53. The image processing network of claim 5 i further comprising means jbr 

processing unreadable document including transmitting images to a central location 
where operator keys in unreadable MICR or CAR data. 

54. The image processing network of claim 51 wherein said image file 
contains the identity of the institution that has processed the image. 
15 55. The image processing network of claim 51 wherein said plurality of 

remote image capture units includes at least one small table-top scanner, 

56. The image processing network of claim 51 further comprising means for 
returning no-reads to the depositor. 

57. The image processing network of claim 5 1 further comprising means for 
20 accepting raw image data 

58. The image processing network ol claim 5 1 further comprising means lor 
storing images of all documents. 

59. The image processing network of claim 51 further comprising means for 
bundling images into groups of images. 
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